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Introduction 

The NEC microcomputer data book is issued in two 
volumes. 

• Volume 1: Single-Chip Products 

• Volume 2: Microprocessors, Peripherals, and DSP 
Products 

NEC offers a wide variety of microprocessors and Digital 
Signal Processing (DSP) products for you to choose 
from. Volume 2 covers microprocessor, peripheral, 
DSP, and speech products. These products are offered 
in a variety of processes (NMOS and CIVIOS) and in a 
variety of package types. This extraordinary selection 
of products provides the systems designer with a wide 
assortment of design alternatives with products that 
truly fit your data processing, communications, in- 
strumentation, industrial, and telecommunications 
needs. 

Volume 2 is divided into the following sections. 

1. General Information. This section includes ordering 
information, product selection guides, and ROM Code 
submission procedures. 

2. Quality and Reliability. The NEC concepts of de- 
signed-in quality and total quality control as a com- 
pany-wide activity are discussed here. 

3. CMOS Microprocessors. This section covers NEC's 
8-bit, 16-bit and 32-bit lines of CMOS microprocessors. 
Included is NEC's proprietary V-Series of advanced 
CMOS microprocessors and co-processors. 

4. NMOS Microprocessors. This section covers NEC's 
8-bit, 16-bit lines of NMOS microprocessors. 

5. Digital Signal Processors and Speech. This section 
covers NEC's line of low cost 16-bit NMOS and CMOS 
Signal Processing Peripherals, advanced Non-Von- 
Neuman Image Processor, advanced 32-bit CMOS 
Signal Processor, and various speech products. 

6. Intelligent Peripheral Controllers. This section 
covers NEC's line of Magnetic Media, Communication 
and Graphic Controllers. Included are floppy disk, 
hard disk, disk support chips, serial controllers, LAN 
controller, and GPIB controller. 

7. CMOS System Support Products. This section 
covers NEC's line of CMOS System Support Products. 
These products are CMOS versions of most of the 
NMOS System Support Products. They have been 
specially designed for low cost, low power system 
needs. 

3. NMOS System Support Products. This section 
iovers NEC's line of 8085/8088/8086 NMOS and Bipolar 
system support chips. 



9. Development Tools. A comprehensive line of de- 
velopment hardware and software products support 
NEC's single-chip microcomputer families. 

10. Packaging. This section provides dimensioned 
package drawings and a cross-reference from package 
type to device numbers. 

Ordering Information 

Part numbers for ordering microcomputer products 
are listed on the first page of each data sheet. NEC's 
part numbers consist of four elements as shown in the 
example that follows. 

Part Numbering System 

fjP D 71054 C 



■ 



Package type 

Plastic DIP = C,C-1,C-2, 

C-4, C-5, C-6, C-8 
Plastic shrink DIP = CT 
Plastic skinny DIP = CX 
Ceramic DIP = D, D-1, 

D-2, D-5, D-8, D-10, D-18 
Cerdip DIP = D, D-2 (make 

sure you have pointed 

out Cerdip.) 
Plastic SO = G 
Plastic miniflat = G, G-4, 

G-5, G-6, G-8 
PLCC = L, L-5, L-8 
PGA = R, R-8 

Device identifier (alphanumeric) 



Device type: D = Digital MOS 

B = Bipolar 

NEC monolithic silicon integrated circuit 
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Highlights of New Products Coming 

A/PD70616 [V60] 32-Bit CMOS Microprocessor 

The yuPD70616 (V60) is a high-performance, 32-bit 
CMOS microprocessor. The V60 includes advanced 
features such as thirty-two 32-bit general-purpose 
registers and a powerful instruction set optimized for 
high-level languages and operating systems such as 
UNIX™ and MS-DOS™. The on-chip, demand-paged 
memory management and floating point units further 
increase performance and design flexibility. 

The V60 has 24-bit address lines and a 16-bit data path. 
It will address 16 megabytes in real physical memory 
and 4 gigabytes in virtual memory. The device will be 
run on 16-MHz speed clock and offered in a 68-pin pin 
grid array (PGA) package. The part and data sheet will 
be available after June 1986. 



yuPD70611 Clocl( Generator/ Driver 

The //PD7061 1 is a CMOS clock generator for the V60. 
From 32-MHz crystal oscillator, in generates and 
supplies 16-MHz clock to the V60, as well as various 
synchronized signals. It will be offered in a 20-pin 
plastic DIP package and be available after June 1986. 

A/PD71613 System Controller 

The//PD71613 is a CMOS system controller for the V60. 
It employs output signals for the V60, e.g. status 
signals, providing simple interface with external devices 
e.g. memory, I/O etc. 

//PD7261BD-23 High Speed Hard Disk Controller 

The//PD7261 BD-23 is a speed enhanced version of the 
//PD7261 BD-18. It is designed to work in SMD systems 
that have a data rate above 20-MHz. 
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Device 


Description 


Data 
Bits 


Clock 
(MHz) 


Supply 

Voltage 

(V) 


Power Dissipation 

Active Standby 
|mA) (mA) 


Package 


Pins 


//PD70008C 


Microprocessor 
(CMOS Z80) 


8 


4 


+5 


30 


.5 


Plastic DIP 


40 


A(PD70008AC-4 


Microprocessor 
(CMOS Z80) 


8 


4 


+5 


30 


.4 


Plastic DIP 


40 


/yPD70008AC-6 


Microprocessor 
(CMOS Z80) 


8 


6 


+5 


30 


.4 


Plastic DIP 


40 


/L/PD70008AG-4 


Microprocessor 
(CMOS Z80) 


8 


4 


+5 


30 


.4 


Plastic Miniflat 


44 


yuPD70008AG-6 


Microprocessor 
(CMOS Z80) 


8 


6 


+5 


30 


.4 


Plastic Miniflat 


44 


//PD70008AL-6 


Microprocessor 
(CMOS Z80) 


8 


6 


+5 


30 


.4 


PLCC 


44 


//PD70108C-5 


Microprocessor 


8/16 


5 


+5 


45 


6 


Plastic DIP 


40 


AyPD70108C-8 


Microprocessor 


8/16 


8 


+5 


45 


6 


Plastic DIP 


40 


//PD70108D-5 


Microprocessor 


8/16 


5 


+5 


45 


6 


Ceramic DIP 


40 


//PD70108D-8 


Microprocessor 


8/16 


8 


+5 


45 


6 


Ceramic DIP 


40 


A(PD70108D-10 


Microprocessor 


8/16 


10 


+5 


45 


6 


Ceramic DIP 


40 


/UPD70108G-5 


Microprocessor 


8/16 


5 


+5 


45 


6 


Plastic Miniflat 


52 


/UPD70108G-8 


Microprocessor 


8/16 


8 


+5 


45 


6 


Plastic Miniflat 


52 


/yPD70108L-5 


Microprocessor 


8/16 


5 


+5 


45 


6 


PLCC 


44 


//PD70108L-8 


Microprocessor 


8/16 


8 


+5 


45 


6 


PLCC 


44 


//PD70116C-5 


Microprocessor 


16 


5 


+5 


45 


6 


Plastic DIP 


40 


//PD70116C-8 


Microprocessor 


16 


8 


+5 


45 


6 


Plastic DIP 


40 


//PD70116D-5 


Microprocessor 


16 


5 


+5 


45 


6 


Ceramic DIP 


40 


//PD70116D-8 


Microprocessor 


16 


8 


+5 


45 


6 


Ceramic DIP 


40 


A(PD70116D-10 


Microprocessor 


16 


10 


+5 


45 


6 


Ceramic DIP 


40 


//PD70116G-5 


Microprocessor 


16 


5 


+5 


45 


6 


Plastic Miniflat 


52 


/UPD70116G-8 


Microprocessor 


16 


8 


+5 


45 


6 


Plastic Miniflat 


52 


/yPD70116L-5 


Microprocessor 


16 


5 


+5 


45 


6 


PLCC 


44 


A(PD70116L-8 


Microprocessor 


16 


8 


+5 


45 


6 


PLCC 


44 


/L(PD70208R-8 


Microprocessor 


8/16 


8 


+5 


50 


10 


PGA 


68 


OPD70208L-8 


Microprocessor 


8/16 


8 


+5 


50 


10 


PLCC (Note 1) 


68 


UPD70208G-8 


Microprocessor 


8/16 


8 


+5 


50 


10 


Plastic Miniflat 
(Note 1) 


80 


rjPD70216R-8 


Microprocessor 


16/16 


8 


+5 


50 


10 


PGA 


68 


:/PD70216L-8 


Microprocessor 


16/16 


8 


+5 


50 


10 


PLCC (Note 1) 


68 


7PD70216G-8 


Microprocessor 


16/16 


8 


+5 


50 


10 


Plastic Miniflat 
(Note 1) 


80 


iPD70616R 


Microprocessor 


16/32 


16 


+5 


(Note 2) 


(Note 2) 


PGA (Note 2) 


68 


iPD72191D 


Floating Point 
Processor 


16/32/ 
64/80 


8 


+5 


(Note 2) 


(Note 2) 


Ceramic DIP 


40 



■ 



4ote: 

. Available fourth quarter 1986. 
!. Not available introduction date. 
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NMOS and HMOS Microprocessor Selection Guide 


Device 


Description 


Data 
Bits 


Cloci( 
(MHz) 


Supply 

Voltage 

(V) 


Power Dissipation 

Active Standby 
(mA) ImA) 


Package 


Pins 


A(PD780C 


NIViOS IVIicroprocessor 


8 


2.5 


+5 


150 


- 


Plastic DIP 


40 


A(P0780C-1 


NIVIOS IVIicroprocessor 


8 


4 


. +5 


200 


- 


Plastic DIP 


40 


/yPD780C-2 


NIVIOS Microprocessor 


8 


6 


+5 


200 


- 


Plastic DIP 


40 


/UPD8085AC-2 


NMOS Microprocessor 


8 


5 


+5 


170 


- 


Plastic DIP 


40 


/iPD8085AHC 


HMOS Microprocessor 


8 


3 


+5 


135 


- 


Plastic DIP 


40 


//PD8085AHC-2 


HMOS Microprocessor 


8 


5 


+5 


135 


- 


Plastic DIP 


40 


/UPD8086D 


HMOS Microprocessor 


16 


5 


+5 


340 


- 


Ceramic DIP 


40 


/L/PD8086D 


HMOS Microprocessor 


16 


5 


+5 


340 


- 


Cerdip 


40 


A(PD8086D-2 


HMOS Microprocessor 


16 


8 


+5 


350 


- 


Cerdip 


40 


A(PD8088D 


HMOS Microprocessor 


8 


5 


+5 


340 


- 


Ceramic DIP 


40 


/iPD8088D-2 


HMOS Microprocessor 


8 


8 


+5 


350 


- 


Ceramic DIP 


40 




Digital Signal Processor and Speech Selection Guide 


Device 


Description 


Data 
Bits 


Clocl( 
(MHz) 


Supply 

Voltage 

IV) 


Power Dissipation 

Active Standby 
(mA) (mA) 


Package 


Pins 


/yPD7281D 


NMOS Image 
Pipelined Processor 


16 


5 


+5 


500 


— 


Ceramic DIP 


40 


/UPD9305R 


CMOS IPP 
Support Chip 


8/16 


10 


+5 


100 


— 


PGA 


132 


;uPD7720AC 


NMOS Digital 
Signal Processor 


16 


8 


+5 


170 


— 


Plastic DIP 


28 


/UPD7720AD 


NMOS Digital 
Signal Processor 


16 


8 


+5 


170 


— 


Ceramic DIP 


28 


//PD77C20D 


CMOS Digital 
Signal Processor 


16 


8 


+5 


40 


— 


Ceramic DIP 


28 


//PD77C20L 


CMOS Digital 
Signal Processor 


16 


8 


+5 


40 


— 


PLCC 


44 


A(PD77P20D 


NMOS Digital 
Signal Processor 


16 


8 


+5 


350 


— 


Cerdip 


28 


/iPD77230R 


CMOS Advanced 
Signal Processor 


32 


13.3 


+5 


340 


— 


PGA 


68 


/UPD7730C 


NMOS ADPCM Speech 
Encoder/Decoder 


8 


8 


+5 


210 


— 


Plastic DIP 


28 


A/PD7755C 


CMOS ADPCM Speech 
Synthesizer 


— 


.7 


2.7 to 5.5 


0.6 


— 


Plastic DIP 


18 


/UPD7756C 


CMOS ADPCM Speech 
Synthesizer 


— 


.7 


2.7 to 5.5 


0.6 


— 


Plastic DIP 


18 


//PD7759C 


CMOS ADPCM Speech 
Synthesizer 


8 


.7 


2.7 to 5.5 


0.6 


— 


Plastic DIP 


40 
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Device 


Description 


Data 
Bits 


Clock 
(MHz) 


Supply 

Voltage 

(V) 


Power Dissipation 

Active Standby 
(mA) ImA) 


Package 


Pins 


Magnetic Media Controllers 


//PD765AC 


NMOS Single/ 
Doubie Density FDC 


8 


8 


+5 


150 


— 


Plastic DIP 


40 


/yPD765AC-2 


NMOS Single/ 
Double Density FDC 


8 


8 


-1-5 


150 


— 


Plastic DIP 


40 


A<PD7265C 


NMOS Single/ 
Double Density FDC 


8 


8 


+5 


150 


— 


Plastic DIP 


40 


/yPD7265C-2 


NMOS Single/ 
Double Density FDC 


8 


8 


+5 


150 


— 


Plastic DIP 


40 


/yPD72065C 


CMOS Single/ 
Double Density FDC 


8 


8 


+5 


10 


.5 


Plastic DIP 


40 


//PD72065G 


CMOS Single/ 
Double Density FDC 


8 


8 


+5 


10 


.5 


Plastic Miniflat 


52 


A(PD72065L 


CMOS Single/ 
Double Density FDC 


8 


8 


-f-5 


10 


.5 


PLCC 


44 


A^PD72066C 


CMOS Single/ 
Double Density FDC 


8 


8 


+5 


10 


.5 


Plastic DIP 


40 


//PD72066G 


CMOS Single/ 
Double Density FDC 


8 


8 


+5 


10 


.5 


Plastic Miniflat 


52 


//PD72066L 


CMOS Single/ 
Double Density FDC 


8 


8 


-1-5 


10 


.5 


PLCC 


44 


/iPB9201C 


Bipolar Floppy 
Disk Interface 


— 


16 


+5 


270 


— 


Plastic DIP 


40 


A/PD71065G 


CMOS Analog 
Phase-Locked Loop 


— 


19.2 


+5 


25 


— 


Plastic SO 


28 


(t/PD71066CT 


CMOS Analog 
Phase-Locked Loop 


— 


19.2 


+5 


25 


— 


Plastic Shrink DIP 


30 


UPD7260D 


NMOS Hard/Floppy 
Disk Controller 


8 


12 


+5 


320 


— 


Ceramic DIP 


40 


UPD7261AD 


NMOS Hard Disk 
Controller 


8 


12 


+5 


320 


— 


Ceramic DIP 


40 


7PD7261BD-18 


NMOS Hard Disk 
Controller 


8 


18 


+5 


320 


— 


Ceramic DIP 


40 


/PD9306AC 


CMOS Hard Disk 
Interface 


— 


10 


+5 


30 


— 


Plastic DIP 


28 


/PD7262D 


NMOS ESDI 
Controller 


8 


18 


-1-5 


320 


— 


Ceramic DIP 


40 



E 
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Device 


Description 


Data 
Bits 


Clock 
(MHz) 


Supply 

Voltage 

(VI 


Power Dissipation 

Active Standby 
(mA) (mA| 


Package 


Pins 


Communications Controllers 


A(PD7201AC 


NMOS MPS 

Communications 

Controller 


8 


4 


+5 


230 


" 


Plastic DIP 


40 


/iPD7201AD 


NMOS MPS 

Communications 

Controller 


8 


4 


+5 


230 




Ceramic DIP 


40 


//PD72001C 


CMOS MPS 

Communications 

Controller 


8 


8 


+5 


40 


2 


Plastic DIP 


40 


//PD72001L 


CMOS MPS 

Communications 

Controller 


8 


8 


+5 


40 


2 


PLCC 


44 


//PD72105C 


CMOS Omninet 
Local Network 
Controller 


8 


8 


+5 


40 


2 


Plastic DIP 


48 


yL(PD72105L 


CMOS Omninet 
Local Network 
Controller 


8 


8 


+5 


40 


2 


PLCC 


52 


;uPD7210C 


NMOS Intelligent 


8 


8 


+5 


180 


- 


Plastic DIP 


40 


Graphics Controllers 


A/PD7220AD 


NMOS Graphics 
Display Controller 


8 


6 


+5 


270 


— 


Ceramic DIP 


40 


juPD7220AD-1 


NMOS Graphics 
Display Controller 


8 


7 


+5 


270 


— 


Ceramic DIP 


40 


A(PD7220AD-2 


NMOS Graphics 
Display Controller 


8 


8 


+5 


270 


— 


Ceramic DIP 


40 
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Device 


Description 


Data 
Bits 


Clock 
(IVIHz) 


Supply 

Voltage 

(V) 


Power Dissipation 

Active Standby 
|mA| |mA| 


Package 


Pins 


/yPD71011C 


Clock Pulse 
Generator/Driver 


— 


20 


4.5 to 5.5 


30 


— 


Plastic DIP 


18 


/yPD71011G 


Clock Pulse 
Generator/Driver 


— 


20 


4.5 to 5.5 


30 


— 


Plastic SO 


20 


//PD71051C 


Serial Control Unit 


8 


8 


4.5 to 5.5 


10 


.05 


Plastic DIP 


28 


A(PD71051G 


Serial Control Unit 


8 


8 


4.5 to 5.5 


10 


.05 


Plastic Miniflat 


44 


A/PD71051L 


Serial Control Unit 


8 


8 


4.5 to 5.5 


10 


.05 


PLCC 


28 


A(PD71054C 


Programmable 
Timer/Counter 


8 


8 


4.5 to 5.5 


30 


.05 


Plastic DIP 


24 


A/PD71054G 


Programmable 
Timer/Counter 


8 


8 


4.5 to 5.5 


30 


.05 


Plastic Miniflat 


44 


A(PD71054L 


Programmable 
Timer/Counter 


8 


8 


4.5 to 5.5 


30 


.05 


PLCC 


28 


/yPD71055C 


Parallel Interface 
Unit 


8 


8 


4.5 to 5.5 


15 


.05 


Plastic DIP 


40 


yuPD71055G 


Parallel Interface 
Unit 


8 


8 


4.5 to 5.5 


15 


.05 


Plastic Miniflat 


44 


/;PD71055L 


Parallel interface 
Unit 


8 


8 


4.5 to 5.5 


15 


.05 


PLCC 


44 


A(PD71059C 


Interrupt Control Unit 


8 


8 


4.5 to 5.5 


9 


.05 


Plastic DIP 


28 


;uPD71059G 


Interrupt Control Unit 


8 


8 


4.5 to 5.5 


9 


.05 


Plastic Miniflat 


44 


/UPD71059L 


Interrupt Control Unit 


8 


8 


4.5 to 5.5 


9 


.05 


PLCC 


28 


A(PD71071C 


DMA Controller 


8/16 


8 


4.5 to 5.5 


30 


.01 


Plastic DIP 


48 


A(PD71071D 


DMA Controller 


8/16 


8 


4.5 to 5.5 


30 


.01 


Ceramic DIP 


48 


/iPD71071G 


DMA Controller 


8/16 


8 


4.5 to 5.5 


30 


.01 


Plastic Miniflat 


52 


^PD71071L 


DMA Controller 


8/16 


8 


4.5 to 5.5 


30 


.01 


PLCC 


52 


^PD71082C 


Transparent Latcli 


8 


8 


4.5 to 5.5 


20 


.08 


Plastic DIP 


20 


UPD71082G 


Transparent Latch 


8 


8 


4.5 to 5.5 


20 


.08 


Plastic SO 


20 


(/PD71083C 


Transparent Latch 


8 


8 


4.5 to 5.5 


20 


.08 


Plastic DIP Inverted 


20 


[iPD71083G 


Transparent Latch 


8 


8 


4.5 to 5.5 


20 


.08 


Plastic SO 


20 


^PD71084C 


Clock Pulse 
Generator/Driver 


— 


25 


4.5 to 5.5 


30 


— 


Plastic DIP 


18 


iPD71084G 


Clock Pulse 
Generator/Driver 


— 


25 


4.5 to 5.5 


30 


— 


Plastic SO 


20 


/PD71086C 


Bus Buffer/Driver 


8 


8 


4.5 to 5.5 


40 


.08 


Plastic DIP 


20 


/PD71086G 


Bus Buffer/Driver 


8 


8 


4.5 to 5.5 


40 


.08 


Plastic SO 


20 


<PD71087C 


Bus Buffer/Driver 


8 


8 


4.5 to 5.5 


40 


.08 


Plastic DIP Inverted 


20 


(PD71087G 


Bus Buffer/Driver 


8 


8 


4.5 to 5.5 


40 


.08 


Plastic SO 


20 


(PD71088C 


System Bus Controller 


- 


8 


4.5 to 5.5 


20 


.08 


Plastic DIP 


20 


IPD71088G 


System Bus Controller 


- 


8 


4.5 to 5.5 


20 


.08 


Plastic SO 


20 


|PD82C43C 


Input/Output Expander 


- 


5 


4.5 to 5.5 


40 


- 


Plastic DIP 


24 


[PD82G43CX 


Input/Output Expander 


- 


5 


4.5 to 5.5 


40 


- 


Plastic Skinny DIP 


24 



■ 
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NMOS System Support Product Selection Guide 


Device 


Description 


Data 
Bits 


Cloclc 
liVIHzl 


Supply 

Voitage 

(VI 


Power Dissipation 

Active Standby 
(mA) (mA) 


Paclcage 


Pins 


)uPD8155C 


256 X 8 RAIVI with 
I/O Ports and Timer 


8 


3 


4.5 to 5.5 


180 


— 


Plastic DIP 


40 


/iPD8155C-2 


256 X 8 RAIVI witii 
I/O Ports and Timer 


8 


5 


4.5 to 5.5 


180 


— 


Plastic DIP 


40 


//PD8155HC 


256x8RAIVIwltti 
I/O Ports and Timer 


8 


3 


4.5 to 5.5 


180 


— 


Plastic DIP 


40 


//PD8155HC-2 


256 X 8 RAM witii 
I/O Ports and Timer 


8 


5 


4.5 to 5.5 


180 


— 


Plastic DIP 


40 


//P08156C 


256 X 8 RAIVI with 
I/O Ports and Timer 


8 


3 


4.5 to 5.5 


180 


— 


Plastic DIP 


40 


/yPD8156C-2 


256 X 8 RAIVI with 
I/O Ports and Timer 


8 


5 


4.5 to 5.5 


180 


— 


Plastic DIP 


40 


//PD8156HC 


256 X 8 RAIVI with 
I/O Ports and Timer 


8 


3 


4.5 to 5.5 


180 


— ' 


Plastic DIP 


40 


/L(PD8156HC-2 


256 X 8 RAM with 
I/O Ports and Timer 


8 


5 


4.5 to 5.5 


180 


— 


Plastic DIP 


40 


/UPD8216C 


Parallel Bidirectional 
Bus Driver 


4 


— 


4.5 to 5.5 


130 


— 


Plastic DIP 


16 


A(PB8216C 


Parallel Bidirectional 
Bus Driver 


4 


— 


4.5 to 5.5 


130 


— 


Plastic DIP 


16 


/yPB8226C 


Parallel Bidirectional 
Bus Driver 


4 


— 


4.5 to 5.5 


120 


— 


Plastic DIP 


16 


//PD8237AC-5 


Programmable 
DMA Controller 


8 


5 


4.5 to 5.5 


150 


— 


Plastic DIP 


40 


^PD8243C 


Input/Output 
Expander 


— 


5 


4.5 to 5.5 


20 


— 


Plastic DIP 


24 


/L(PD8243HC 


HMOS Input/Output 
Expander 


■ — 


5 


4.5 to 5.5 


20 


— 


Plastic DIP 


24 


//PD8251AC 


Programmable 
Cortimunication 
Interface 


8 


3/5 


4.5 to 5.5 


100 




Plastic DIP 


28 


//PD8251AFC 


Programmable 
Communication 
Interface 


8 


3/5 


4.5 to 5.5 


100 




Plastic DIP 


28 1 


;uPD8253C-2 


Programmable 
Internal Timer 


8 


5 


4.5 to 5.5 


140 


— 


Plastic DIP 


24 


A(PD8253C-5 


Programmable 
internal Timer 


8 


4 


4.5 to 5.5 


140 


— 


Plastic DIP 


24 


/^PD8255AC-2 


Programmable 
Peripheral Interface 


8 


5 


4.5 to 5.5 


120 


— 


Plastic DIP 


40 


/yPD8255AC-5 


Programmable 
Peripheral Interface 


8 


4 


4.5 to 5.5 


120 


— 


Plastic DIP 


40 


/yPD8257C-2 


Programmable 
DMA Controller 


8 


5 


4.5 to 5.5 


100 


— 


Plastic DIP 


40 


/iPD8257C-5 


Programmable 
DMA Controller 


8 


3 


4.5 to 5.5 


120 


— 


Plastic DIP 


40 


^PD8259AC 


Programmable 
Interrupt Controller 


8 


4 


4.5 to 5.5 


85 


— 


Plastic DIP 


28 
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Device 


Description 


Data 
Bits 


Clock 
(IVIHzl 


Supply 

Voltage 

(VI 


Power Dissipation 

Active Standby 
(mA| (mA) 


Package 


Pins 


/yPD8259AC-2 


Programmable 
Interrupt Controller 


8 


5 


4.5 to 5.5 


85 


— 


Plastic DIP 


28 


^PD8279C-2 


Programmable 

Keyboard/Display 

Interface 




5 


4.5 to 5.5 


120 




Plastic DIP 


40 


;uPD8279C-5 


Programmable 

Keyboard/Display 

Interface 




3 


4.5 to 5.5 


120 




Plastic DIP 


40 


//PB8282C 


Octal Latch 


8 


8 


4.5 to 5.5 


160 


- 


Plastic DIP 


20 


//PB8283C 


Octal Latch 


8 


8 


4.5 to 5.5 


160 


- 


Plastic DIP 


20 


//PB8284AD 


Clock Generator/ 
Driver 


— 


24 


4.5 to 5.5 


140 


— 


Cerdip 


18 


/iPB8286C 


Octal Bus 
Transceiver 


8 


8 


4.5 to 5.5 


160 


— 


Plastic DIP 


20 


^PB8287C 


Octal Bus 
Transceiver 


8 


8 


4.5 to 5.5 


130 


— 


Plastic DIP 


20 


/iPB8288D 


CPU System 
Bus Controller 


— 


10 


4.5 to 5.5 


230 


— 


Cerdip 


20 


A(PB8289D 


Bus Arbiter 


- 


8 


4.5 to 5.5 


165 


- 


Cerdip 


20 




//PD7720 Hardware 
Development Tool Selection Guide 



Device 



Description 



EVAKIT-7720B 



Stand-alone Evakit for a(PD7720 Digital Signal 
Processor 



t/PD70208/21 6 Hardware Development 
Tool Selection Guide 



Device 



E-70216-1008 



E-70216-1508 



Description 



E-70208-S008 In-circuit emulator for /uPD70208 (with V40 pod) 

E-70216-S008 In-circuit emulator for /iPD70216 (with V50 pod) 

E-70208-1008 



Optional pod unit for/iPD70208 emulation 



Optional pod unit for/iPD70216 emulation 



Converts IE-70108/70116-S to IE-70208/70216-S008 



//PD7281 Software 

Development Tool Selection Guide 


Device 


Description 


SW7281-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


SW7281-M52 


CP/IVI-86, 5-1/4" double-density floppy diskette 


SW7281-M81 


CP/l\/l-86, 8" single-density floppy diskette 



CP/M-86 and MP/M-86 are registered tradenfiarks of Digital Research 
Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 
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AfPD7 7 20 Software 

Development Tool Selection Guide 


Device 


Description 


ASM77-C81 


CPIM-m, 8" single-density fioppy disicette 


ASM77-D52 


MS-DOS, 5-1 /4" double-density fioppy diskette 


ASM77-I81 


ISIS-II, 8" single-density floppy disl<ette 


ASM77-I82 


iSIS-ll, 8" double-density floppy disl<ette 


ASM77-M52 


CP/l\/l-86, 5-1/4" double-density floppy diskette 


ASM77-M81 


CP/M-86, 8" single-density fioppy diskette 


ASM77-F9T1 


Fortran IV ANSI X3.9-1966 source program 
9-track 1600 BPi magnetic tape 


SIM77-C81 


CP/IVI-80, 8" single-density floppy diskette 


SIM77-D52 


IVIS-DOS, 5-1/4" double-density floppy diskette 


SIM77-I81 


iSIS-ll, 8" single-density floppy diskette 


SIM77-I82 


ISIS-II, 8" double-density floppy diskette 


SIM77-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


SIM77-M81 


CP/M-86, 8" single-density fioppy diskette 




//PD70108/1 16/208/216 
Software Relocatable Assembler 
Development Tool Selection Guide 


Device 


Description 


RA7Q116-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


RA70116-I81 


ISIS-II, 8" single-density floppy diskette 


RA701 16-182 


iSIS-ll, 8" double-density floppy diskette 


RA70116-IVI52 


CP/M-86, 5-1/4" double-density floppy diskette 


RA70116-iy!81 


CP/M-86, 8" single-density floppy diskette 


RA70116-VVT1 


VAX/VMS, 9-track 1600 BPI magnetic tape 


RA70116-VXT1 


VAX/UNIX, 9-track 1600 BPI magnetic tape 




//PD70108/1 16/208/216 Software 
C Compiler Development Tool 
Selection Guide 


Device 


Description 


CC70116-D52 


MS-DOS, 5" double-density floppy diskette 


CC70116-I81 


ISIS-il, 8" single-density floppy diskette 


CC701 16-182 


ISIS-II, 8" double-density floppy diskette 


CC70116-M52 


CP/M-86, 5" double-density floppy diskette 


CC70116-iVI81 


CP/M-86, 8" single-density floppy diskette 


CC70116-VVT1 


VAX/VMS, 9-track 1600 BPI magnetic tape 


CC70116-VXT1 


VAX/UNIX, 9-track 1600 BPI magnetic tape 



MD-086 Series IMicrocomputer 
Development System Selection Guide 


Device 


Description 


MD-086FD-10 


MD-086 series, floppy-disk based system 


MD-086HD-10 


MD-086 series, floppy-/hard-disk based system 


MD-086DK 


Hard-disk upgrade for MD-086FD-10 


MD-910TM 


Character display terminal 




IVID-910TM Character Display Terminal 
Development Tool Selection Guide 


Device 


Description 


MD-910TM 


Character display terminal 




PG1000 PROM Programmer 
Selection Guide 


Device 


Description 


PG1003 


Plug-in personality module 


PG1005 


Plug-in personality module 



UNIX is a trademark of AT&T 

VAX and VMS are trademarks of Digital Equipment Corporation 
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Ordering Procedure for 
ROM-Based Microprocessor Products 



The devices listed below are ROM-based micro- 
computer products. 



A/PD7720 



/WPD77230 



//PD77220 



Please use the following guidelines for ordering the 
above products. Contact your local sales representative 
for assistance and to obtain the necessary forms. 

A complete order must include: 

D Two copies of ROM code information contained in 
eitherthe equivalent memory EPROMs or EPROM- 
based microcomputers. 

D ROM code submission form (provided by your 
local sales representative); see next page. 

D Your engineering specifications, if applicable. 
Please ignore this item if NEC has already reviewed 
your specification. 

n Mask charge payment. 

D Liability agreement for ROM-based work-in-prog- 
ress. The NEC form, "ROM-Based Microprocessors 
Agreement," can be obtained from your local sales 
representative. 

n Your purchase order. 



NEC Electronics Inc. will return the ROM code patterns 
in the EPROM media together with a code listing and a 
ROM-code verification form to you. Please return the 
verification form to verify the code in the EPROM 
provided by NEC. NEC guarantees that the final 
product will contain the same code you verified. 

Summary: 

Step 1 n Customersubmitsacompieteorder.includ- 
ing the items listed above. 

Step 2 D NEC returns ROM pattern to customer 
together with a ROM-code verification form 
and a code listing. 

Step 3 D Customer verifies code received from NEC 
and returns verification form. 

Step 4 n NEC acknowledges customer order and 
begins production. 
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NEC 

NEC Electronics Inc. 



ROM CODE 
SUBMISSION 



To: NEC Electronics Inc. 
Corporate Headquarters 
401 Ellis Street, P.O. Box 7241 
Mountain View, CA 94039 

Attn: ROM Code Administrator 

We are ready to place a purchase order for our 



Date. 



, your 



and are 



Customer Part Number NEC Part Number 

submitting two copies of the ROM code on the following medium/media. (Please check all applicable boxes.) 



D //PD2764 
D /iPD27128 



n A/PD70P322 
D /L(PD75P108 
D /[;PD77P20 



D /.<PD78P09 
D /iPD78P312 



D /UPD8741A 
n iuPD8748H 
D A(PD8749H 
D /;PD8755A 



This device should be manufactured as follows: (Please check all applicable boxes.' 

n To our engineering specification # ^ 

n With special marking: 



n With the I/O port loading options (available only on the devices listed on this form). 

D Lead type (if applicable) Bent Straight 

D Application 



NEC Electronics Inc. 

Please return the processed ROM code to the following individual for our verification. 



Shipping Address (not a P.O. Box. please) 



Telephone Number 

Customer 

Please send this form and the items listed below in a package clearly marked "ROM CODE Enclosed" to the address 
above. 

• Two copies of ROM code 

• Engineering specification, if applicable. Not required if NEC has already reviewed the specification. 

• Mask charge payment. 

• Signed "ROM-Based Microprocessors Agreement" 

• Purchase order 



Form No. NEC-0000071 Rev. B 7/86 



siQse NEC Electronics Inc. 
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Introduction 

As large-scale integration reaches a higher level of 
density, reliability of devices imposes a profound 
impact on system reliability. And as device reliability 
becomes a major factor, test methods to assure accept- 
able reliability become more complicated. Simply 
performing a reliability test according to a con- 
ventional method cannot satisfy the demanding require- 
ments for higher reliability. At these new, higher levels 
of LSI density, it is increasingly difficult to activate all 
the elements in the internal circuits. A different phi- 
losophy and methodology is needed for reliability as- 
surance. Moreover, as integration density increases, 
the degradation of internal elements in an LSI device is 
seldom detected by measuring characteristics across 
external terminals. 

In order to improve and guarantee a certain level of 
reliability for large-scale integrated circuits, it is es- 
sential to build quality and reliability into the product. 
Then, the conventional reliability tests are followed to 
ensure that the product demonstrates an acceptable 
level of reliability. 

NEC has introduced the concept of total quality control 
(TQC) across its entire semiconductor product line. 
By adopting TQC, NEC can build quality into the 
product and thus assure higher reliability. The concept 
and methodology of total quality control are company- 
wide activities involving workers, engineers, quality 
control staffs, and all levels of management. 

NEC has also introduced a prescreening method into 
the production line that helps eliminate potentially 
defective units. The combination of building quality in 
and screening projected early failures out has resulted 
in superior quality and excellent reliability. 

Technology Description 

Most large-scale integrated circuits utilize high-density, 
MOS technology. State-of-the-art high performance 
has been achieved by introducing fine-line generation 
techniques. By reducing physical parameters, circuit 
density and performance increase while active circuit 
power dissipation decreases. The data presented here 
shows that this advanced technology yields products 
as reliable as those from previous technologies. 



Reliability Testing 

Reliability is defined as the characteristics of an item 
expressed by the probability that it will perform a 
required function under stated conditions for a stated 
period of time. This involves the concept of probability, 
definition of required function(s), and the critical 
time used in defining the reliability. 

Definition of a required function, by implication, treats 
the definition of a failure. Failure is defined as the 
termination of the ability of a device to perform its 
required function. Furthermore, a device is said to 
have failed if it shows inability to perform within 
quaranteed parameters as given in an electrical 
specification. 

Discussion of reliability and failure can be approached 
in two ways: with respect to systems or to individual 
devices. The accumulation of normal device failure 
rates constitutes the expected failure rate of the system 
hardware. Important considerations here are the con- 
stant failure period, the early failure (infant mortality) 
period, and overall reliability level. With regard to 
individual devices, areas of prime interest include 
specific failure mechanisms, failures in accelerated 
tests, and screening tests. 

Some of these failure considerations pertain to both 
systems and devices. The probability of no failures in a 
system is the product of the probability of no failure in 
each of its components. The failure rate of system 
hardware is then the sum of the failure rates of the 
components used to construct the system. 

Figure 1. Reliability Life (Batiitub) Curve 
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Life Distribution 

The fundamental principles of reliability engineering 
predict that the failure rate of a group of devices will 
follow the well-known bathtub curve in figure 1. The 
curve is divided into three regions: infant mortality, 
random failures, and wearout failures. 

Infant mortality, as the name implies, represents the 
early-life failures of devices. These failures are usually 
associated with one or more manufacturing defects. 

After some period of time, the failure rate reaches a low 
value. This is the random failure portion of the curve, 
representing the useful portion of the life of a device. 
During this random failure period, there is a decline in 
thefailurerateduetothedepletion of potential random 
failures from the general population. 

The wearout failures occur at the end of the device's 
useful life. They are characterized by a rapidly rising 
failure rate over time as devices wear out both physical- 
ly and electrically. 

Thus, for devices that have very-long life expectancies 
compared to those of systems, the areas of concern 
will be the infant mortality and the random failure 
portions of the population. 

The system failure rates are related to the collective 
device failure rates. In a given system, afterelimination 
of the early failures, the system will be left to the failure 
rate of its components. In order to make proper 
projections of the failure rate in the operating environ- 
ment, time-to-failure must be accelerated in tests in a 
predictable way. 

Failure Distribution at NEC 

Integrated circuits returned to NEC from the field 
underwent extensive failure analysis at NEC's Inte- 
grated Circuit Division. 

First, approximately 50 percent of the field returns 
were found to be damaged either from improper 
handling or misuse of the devices. These units were 
eliminated from the analysis. The remaining failed 
units were classified by their failure mechanisms as 
depicted in figure 2. These failures were then related to 
the major integrated circuit failure mechanisms and to 
their origins in a particular manufacturing step. 

As shown in figure 2, the first four failure mechanisms 
accounted for more than 90 percent of total failures. As 
a result, NEC improved processes and material to 
reduce these failures. Additionally, NEC introduced 
screening procedures to detect and eliminate defective 
devices. 



Temperature, humidity, and bias tests are used for 
testing the moisture resistance of plastic encapsulated 
integrated circuits. NEC developed a special process 
to improve the plastic encapsulation material. As a 
result, moisture-related— thus packaging-related— fail- 
ures have been drastically reduced. 

As a preventive measure, NEC has introduced a special 
screening procedure embedded in the production line. 
A burn-in at an elevated temperature is performed for 
100 percent of the lots. This burn-in effectively removes 
thepotentiallydefectiveunits. In addition, improvement 
of the plastic encapsulation material has lowered the 
failures in a high-temperature and high-humidity 
environment. 



Figure 2. 
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Accelerated Reliability Testing 

As an example, assume that an electronic system 
contains 1000 integrated circuits and can tolerate 1 
percent system failures per month. The failure rate per 
component is: 



0.01 Failures 
720K Device Hours 



13.888 X 10-9 Failures/Hour 
or 13.8888 FITs 



where FIT = Failure units per 109 device hours 

To demonstrate this failure rate, note that 13.8888 FITs 
corresponds to one failure in about 7000 devices 
during an operating test of 10,000 hours. It is quickly 
apparent that a test condition is required to accelerate 
the time-to-failure in a predictable and understandable 
way. The implicit requirement for the accelerated 
stress test is that the relationship between the ac- 
celerated stress testing condition and the condition of 
actual use be known. 

A most common time-to-failure relationship involves 
the effect of temperature, which accelerates many 
physiochemical reactions leading to device failure. 
Other environmental conditions are voltage, current, 
humidity, vibration, or some combination of these. 
Table 1 lists the reliability assurance tests performed at 
NEC for integrated circuits. 

Table 1. Monthly NEC Reliability Tests 



Test 


MIL-STD-883 
Method 


Test Conditions 


Life Test 

High-temperature, 
operating 


1005A, D 


TA = 100to125°C 
for 1000 hours 


High-temperature, 
storage 


1008C 


Ta = 150°C for 1000 hours 


High-temperature, 
high-humidity test 


— 


TA = 85°Cat85%RH 
for 1000 hours 


Pressure cooker test 


— 


TA = 125°Cat2.3atm 
for 168 hours 


Environmental Test 

Soldering heat test 


2031 
(MIL-STD-750) 


T = 260'=Cfor10s 
without flux 


Temperature cycle 


1010C 


T = -65to-H50°Cfor 
10 cycles 


Thermal shock 


1011 A 


T = 0to100°Cfor 
15 cycles 


Lead fatigue 


2004B2 


at 250 gm: 3 leads, 3 bends 


Solderability 


2003 


T = 230°C for 5 s with flux 



Temperature Effect. The effect of temperature that 
concerns us is that which responds to the Arrhenius 
relationship. This relates the reaction rate to tem- 
perature. 

R = Ro exp(-Ea/kT) 

where Rq = Constant 

Eg = Activgtion energy in eV 
k = Boltzmann's constant 

= 8.617 X 10-5 eV/K 
T = Absolute temperature in kelvin (K) 

The significance of this relationship is that the failure 
mechanisms of semiconductor devices are directly 
applicable to it. A linear relationship between failure 
mechanism and time is assumed. 

Activation Energy. Associated with each failure mech- 
anism is an activation energy value. Table 2 lists some 
of the more common failure mechanisms and the 
associated activation energy of each. 

Table 2. Activation Energy and Detection of Failure 
Mechanisms 



i 



Failure Mechanism 



Activation 
Energy 



Detection 



Oxide defect 


0.3 eV 


Silicon defect 


0.3 eV 


Ionic contamination 


1.0-1.35 eV 


Electromigration 


0.4-0.8 eV 


Charge injection 


1.3 eV 



High-temperature operating 
life test 



Gold-aluminum 
interface 



0.8 eV 



Metal corrosion 



07 eV 



High-humidity operating 
life test 



High-Temperature Operating Life Test. This test is 
used to accelerate failure mechanisms by operating 
the devices at an elevated temperature of 125 °C. The 
data obtained is translated to a lower temperature by 
using the Arrhenius relationship. 

I-Iigh-Temperature and IHigh-IHumidity Test. Semi- 
conductor integrated circuits are highly sensitive to 
the general accelerating effect of humidity in causing 
electrolytic corrosion between biased lines. The high- 
temperature and high-humidity test is performed to 
detect failure mechanisms that are accelerated by 
these conditions. This test is effective in accelerating 
leakage-related failures and drifts in device parameters 
due to process instability. 
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High-Temperature Storage Test. Another common test 
is the high-temperature storage test in which devices 
are subjected to elevated temperatures with no applied 
bias. This test is used to detect mechanical problems 
and process instability. 

Environmental Test. Other environmental tests are 
performed to detect problems related to the package, 
material, susceptibility to extremes in environment, 
and problems related to usage of the devices. 

Failure Rate Calculation and Prediction 

Analysis of integrated circuit failure rates can serve 
many useful purposes. For example, the early-life 
failure rate helps establish a warranty period, while the 
mature-life failure rate aids in estimating repair costs, 
spare parts stock requirements, or product downtime. 
Accurate prediction of failure rates can also be used for 
process control. 

The following sections describe the failure rate cal- 
culation and prediction methods used by NEC's 
Integrated Circuit Division. 

The Arrhenius Model 

Most integrated circuit failure mechanisms depend to 
some degree on temperature. This relationship can be 
represented by the Arrhenius model, which includes 
the effects of temperature and activation energy of the 
failure mechanisms. 

As applied to accelerated life testing of integrated 
circuits, the Arrhenius model assumes that degradation 
of a performance parameter is linear with time. Tem- 
perature dependence is taken to be the exponential 
function that defines the probability of occurrence. 
The relationship of failure rate to temperature is 
expressed as: 

Fi=F2exp[(Ea/k)x(1/Ti~1/T2)] 

Where: F2 = Failure rate at T2 
Fi = Failure rate at Ti 
Eg = Activation energy in eV 
k = Boltzmann's constant 
T = Operating junction temperature in 
kelvin (K) 

The equation explains the thermal dependence of 
integrated circuit failure rates and is used for derating 
the resulting failure rate to a more realistic temperature. 



Acceleration Factor 

The acceleration factor is the factor by which the 
failure rate can be accelerated by increased tem- 
perature. This factor is derived from the Arrhenius 
failure rate expression, resulting in the following form. 

A = F1/F2 = exp[(Ea/k) X (I/T1 - I/T2)] 

where A = Acceleration factor 
F2 = Failure rate at T2 
Fi = Failure rate at Ti 

In calculating the field reliability of an integrated 
circuit, it is necessary to calculate the junction tem- 
perature. In general, the junction temperature will 
depend on the ambient temperature, cooling, package 
type, operating cycle time, and power dissipation of 
the circuit itself. In these terms, the junction tem- 
perature (Tj) is expressed as: 

Tj = Ta + Pd Af ^jA 

where Tj = Junction temperature 
Ta = Ambient temperature 
Pd = Power dissipation 
Af = Air flow factor 
5jA = Package thermal resistance 

Table 3 lists derating factors of various failure mecha- 
nisms. This table is generated assuming that an ac- 
celerated test is performed ata junction temperature of 
125°C. The result is then derated to 55°C junction 
temperature. The acceleration factor may then be 
obtained by taking the inverse of the derating factor. 

Table 3. Derating Factors of Failure Mechanisms 



Failure Mechanisms 


Activation 
Energy, eV 


Derating Factor 


Oxide defect 


0.3 


0.1546 


Silicon defect 


0.3 


0.1546 


Ionic contamination 


1.0 


0.001984 


Electromigration 


0.4 


0.08307 


Charge injection 


1.3 


0.0003067 


Metal corrosion 


0.7 


0.01315 


Gold-aluminum interface 


0.8 


0.006886 



The acceleration of failure mechanisms in a high- 
humidity and high-temperature environment must be 
expressed as a function not only of temperature bui 
also of humidity. 
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According to the reliability test statistics, the ac- 
celeration factor in such an environment can best be 
approximated with Peck's model as follows. 

A = exp[(Ea/k) X (I/T1 - I/T2)] X (H2/Hi)4-5 

where Eg = Activation energy 

k = Boltzmann's constant 

T = Junction temperature 

H — Relative humidity 

For example, the acceleration factor for high-humidity 
and high-temperature or pressure cooker tests ranges 
from 100 to 1000 times that of the normal operating 
environment. 

Failure Rate Calculation 

As an example, suppose that product samples are 
submitted to a 1000-hour life test at 125 °C junction 
temperature and two failures are encountered: one 
oxide and one metalization defect. The sample size is 
885 units. 

Thus, the oxide failure rate is 0.11 percent per 1000 
hours and the metalization failure rate is 0.11 percent 
per 1000 hours. Therefore, the total failure rate at 
125 °C sums to 0.22 percent per 1000 hours at 1 K hours. 

Failure Rate Prediction 

To derate these failure rates to a normal operating 
environment, use the derating factors listed in table 3. 



Oxide failures = 0.11 x 0.1546 = 
Metal failures = 0.11 x 0.01315 

per IK hrs 
Total failures = 0.01846% per IK hrs 



0.01701% per IK hrs 
-- 0.00145% 



Note that the example above is a snapshot of the high- 
temperature life test performed on a particular lot. It is 
not accumulated data that can be used to represent 
overall reliability. This conservative illustration, how- 
3ver, shows that the failure rate in a normal operating 
3nvironment is approximately one-twelfth the failure 
'ate in a higher-temperature environment. 

The failure rate prediction takes different activation 
energies into account whenever the causes of failures 
ire known through performing failure analysis. In 
Some cases, however, an activation energy is assumed 
n order to accomplish a quick first-order approxi- 
nation. To yield a conservative estimate of failure rates, 
[JEC assumes an average activation energy of 0.7 eV 
whenever the exact failure mechanism is not known. 



Reliability Test Results 

Before introducing new technologies or products, 
NEC's internal reliability goals must be attained. Several 
categories of testing are used in the internal qual- 
ification program to assure that product reliability 
meets NEC's reliability goals. Once the product is 
qualified, its reliability level is regularly monitored in a 
monthly reliability test. 

NEC's Goals on Failure Rates 

NEC's approach to achieving high reliability is to build 
quality into the product, as opposed to merely screen- 
ing out defective units. The use of distributed control 
methods embedded in the production line, in con- 
junction with conventional screening methods, results 
in the highest reliability at the lowest cost. 

NEC's maximum failure rate goals for infant mortality 
and long-term device operation are listed in table 4. 



E 



Table 4. Infant Mortality and Long-Term Failure Rates 


Type 


Failure Rate 
Percent/1000 Hours 


Infant mortality 


0.10 max 


Long-term 
1.2I\/! device hours average 
3.0M device hours average 


0.02 max 
0.01 max 



Infant Mortality Failure Rate 

The infant mortality goal for each product group is set 
at 0.10 percent maximum. When a failure rate exceeds 
this level, there is prompt remedial action. 

Long-Term Failure Rate 

The long-term failure rate goal is based on the 
following conditions: 

• A minimum of 1.2 million device hours at 125 °C is 
accumulated to resolve 0.02 percent per 1000 hours 
at 55 °C with a 60-percent confidence level. 

• A minimum of 3 million device hours at 125 °C is 
accumulated to resolve 0.01 percent per 1000 hours 
at 55 °C with a 60-percent confidence level. 
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Infant Mortality Failure Screening 

It is logical to assume the integrated circuit that fails at 
one temperature would also fail at another temperature, 
except it would fail sooner at a higher temperature. As 
can be expected, the failure rate is a function of 
activation energy. Establishing infant mortality screen- 
ing, therefore, requires knowledge of the likely failure 
mechanisms and their associated activation energy. 

The most likely mechanisms associated with infant 
mortality failures are generally manufacturing defects 
and process anomalies. These generally consist of 
contamination, cracked chips, wire bond shorts, or bad 
wire bonds. Since these describe a number of possible 
mechanisms, any one of which might predominate at a 
given time, the activation energy for infant mortality 
might be expected to vary considerably. 

The effectiveness of a screening condition, preferably 
at some stress level in order to shorten the time, varies 
greatly with the failure mechanism being screened for. 
Another factor is the economics of the screening 
process introduced into the production line. Optimal 
conditions and duration of a screening process will be 
a compromise of these two factors. 

For example, failures due to ionic contamination have 
an activation energy of approximately 1.0 eV. There- 
fore, a 15-hour stress at 125°C junction temperature 
would be the equivalent of approximately 90 days of 
operation at a junction temperature of 55°C. On the 
other hand, failures due to oxide defects have an 
activation energy of approximately 0.3 eV, and a 15- 
hour stress at 125 °C junction temperature would be 
the equivalent of approximately one week's operation 
at55°Gjunction temperature. As indicated by this, the 
condition and duration of infant mortality screening 
would be a strong function of the allowable component 
failures, hence the system failure, in the field. 

Empirical data, gathered over more than a year at NEC, 
indicates that early failure does occur after less than 4 
hours of stress at 125 °C ambient temperature. This 
fact is supported by the life test of the same lot, where 
the failure rate shows random distribution, as opposed 
to a decreasing failure rate that then runs into the 
random failure region. 

NEC has adopted the initial infant mortality burn-in at 
125 °C as a standard production screening procedure. 
As a result, the field reliability of NEC devices is an 
order of magnitude higher than the goals set for NEC's 
integrated circuit products. 



Life Tests 

The most significant difference between NEC's prod- 
ucts and those of other integrated circuit manufacturers 
is that NEC's have been prescreened for their infant 
mortality defects. The products delivered to customers 
are operating at the beginnirig of the random failure 
region of the life curve. The life test data also reflects 
this fact, as will be shown. 

The failure mechanism distribution from field failures, 
as previously shown in figure 2, also contains a very 
low percentage due to infant mortality. The majority of 
failures are long-term life failures, and these can be 
eliminated by stringent process control. Usually, these 
failure mechanisms have low activation energy associ- 
ated with them. 

Another significant improvement devised by NEC is 
plastic encapsulation and passivation. As a result, NEC 
products show excellent reliability in both high- 
humidity and high-temperature environments. Follow- 
ing is life test data accumulated over more than a year 
for large-scale integrated circuits. 

High-Temperature Operating Life Test 

This test is used to accelerate failure mechanisms by 
operating the devices at an elevated temperature. For 
large-scale integrated circuits, the failure rate is 0.242 
percent per 1000 hours at 125°C. This is equivalent to 
0.0071 percent per 1000 hours in an operating en- 
vironment of 55°C (table 5). 

Table 5. High-Temperature Operating Life Test 



Number of 



Number of Failures at 



48hrs96hrs 168 hrs 500 hrs IKhrs 



3317 











1 



Total number of failures at IKhrs =8 

Failure rate at 1K tirs at 125°C = 0.242% per IK hrs 

Projected failure rate at 1K hrs at 55°C = 0.007% per IK hrs 



High-Temperature and High-Humidity Life Test 

This test is used to accelerate failure mechanisms bv i 
operating the devices at high temperature and higt"] 
humidity. Leakage-related failures and device parai 
meter drift are accelerated by this test. For thesfl 
large-scale integrated circuits, the failure rate is 0.09v 
percent per 1000 hours. This is equivalent to 0.002"/| 
percent per 1000 hours in an operating environment o 
55 °C. The test conditions are Ta = 85 °C and relative 
humidity (RH) = 80% (table 6). 
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Table 6. 



High-Temperature and High-Humidity Life 
Test 



Number of 




Number of Failures at 




Samples 


48 hrs 96 hrs 168 hrs 500 hrs IK hrs 


2190 








2 


Total number of failures at IK firs 
Failure rate at IK hrs at 85°C/80% RH 
Projected failure rate at 1K hrs at 
55°C/60% RH 


= 2 

= 0.091% per IK hrs 

= 0.003% per IK hrs 





High-Temperature Storage Life Test 

This test is effective in accelerating the failure 
mechanisms related to mechanical reliability problems 
and process instability. For these LSI devices, the 
failure rate is 0.207 percent per 1000 hours at 125 °C. 
This is equivalent to 0.0061 percent per 1000 hours in 
an operating environment of 55 °C (table 7). 

Table 7. High-Temperature Storage Life Test 



Number of 


Number of Failures at 


Samples 


48 hrs 96 hrs 168 hrs 500 hrs IK hrs 


2410 


14 


Total number of failures at IK hrs 
Failure rate at IK hrs at 125°C 
Projected failure rate at IK hrs 
at55°C 


= 5 

= 0.207% per IK hrs 

= 0.006% per IK hrs 



Pressure Cooker Test 

This test is effective in accelerating failure mechan- 
isms related to metalization corrosion dueto moisture. 
The failure rate is 0.52 percent per 1000 hours at Ta = 
125 °C and 2.3 atm at 100 percent humidity. This is 
equivalent to 0.0013 percent per 1000 hours at 55 °C 
and an environment of 60 percent humidity (table 8). 

Table 8. Pressure Cooker Test 



dumber of 




Samples 


48 hrs 96 hrs 168 hrs 500 hrs 1 K hrs 


718 


4 5 No test performed 



Ota! number of failures at 168 hrs 
allure rate at 125 °C 
rejected failure rate at 55°C 



= 9 

= 0.54% per IK hrs 
= 0.001% per IK hrs 



Jfe Test Data Summary 

Table 9 summarizes the life test results and projected 
allure rates in the normal operating environment. The 
allure rate shows random distribution as opposed to a 
decreasing failure rate. This is a result of infant 
lortality screening. 



Table 9. Life Test Data 





Number of 
Samples 




Number of Failures at 


Total 
Number of 


Test Time 


96 hrs 168 hrs 500 hrs IK hrs 


Failures 


High-temperature 
life test 


3317 





1 


4 3 


8 


High-humidity 
life test 


2190 








2 


2 


High-temperature 
storage life test 


2410 








1 4 


5 


Pressure 
cooker test 


1718 


4 


5 


No test 
performed 


9 


Total 


9635 


4 


6 


5 9 


24 



E 



The projected failure rate in the normal operating 
environment is calculated assuming that the average 
activation energy is 0.7 eV. 

Figure 3 shows the life distribution of NEC integrated 
circuits as a form of the bathtub curve. 

This life test data shows improvements of approxi- 
mately an order of magnitude better than NEC's goal. 
The hours of operation are equivalent to the normal 
operating environment. Wear-out failures, which had 
been the main target for reliability improvement, have 
also been significantly reduced. This result comes 
mainly from process improvements and stringent manu- 
facturing process control. 

NEC's main goal has been to improve reliability with 
respect to infant mortality and long-term life failures. 
This can be achieved by introducing an effective 
screening method for infant mortality and building 
quality into the product. 

Figure 3. Plot of Life Test Results 



Infant Mortality Failure Rate Goal 
0.10 percent per 1000 tiours maximum 



Long-Term Life Failure Rate Goal 
0.02 percent per 1000 hours maximum 



0.5K IK 2K 3K 



SK 10K 20K 30K 40K 



2-9 



QUALITY AND RELIABILITY 



SEC 



Thermal Stress Tests 

Temperature cycling and thermal shock test the thermal 
compatibility of material and metal used to make 
integrated circuits. Table 10 lists the reliability test 
results of thermal stress tests. 



Table 10. Thermal Stress Tests 




Number of 
Test Item Samples 


Number of 
Failures 


Soldering heat test 1891 
TA = 260°Cfor10 seconds 





Temperature cycle 1891 
TA = -65to+150°C, 10 cycles 





Thermal shock test 1891 
Ta = to +100°C, 15 cycles 






Mechanical Stress Tests 

In addition to the device life test, NEC performs 
mechanical stress tests to detect reliability problems 
related to the package, material, and device suscept- 
ibility to an extreme environment. Table 11 lists 
mechanical stress test results. 



Table 11. Mechanical Stress Tests 




Test Item 


Number of 
Samples 


Number of 
Failures 


Mechanical shock test 
at 15 kg, 3 axis 


315 





Vibration test 
at 100 Hz to 2 kHz, 20 g 


315 





Constant acceleration 
at 20 kg, 3 axis 


315 





Lead fatigue test 
at 240 grams 


538 





Solderability test 
at 230°C for 5 seconds 


638 






Built-in Quality and Reliability 

As large-scale integration reaches even higher levels 
of density, simple quality inspections cannot assure 
adequate levels of product quality and reliability. In 
order to ensure the reliability of state-of-the-art VLSI, 
NEC has adopted another approach. Highest reliability 
and superior quality of a device can only be achieved 
by building these characteristics into the product at 
each process step. NEC, therefore, has introduced the 
notion of total quality control (TQC) into its entire 
semiconductor production line. Quality control is dis- 
tributed into each process step and then summed to 
form a consolidated system. 



Approaches to Total Quality Control 

First, the quality control function is embedded into 
each process. This method enables early detection of 
possible causes of failure and immediate feedback. 

Second, the reliability and quality assurance policy is 
an integral part of the entire organization. This enables 
a companywide quality control activity. At NEC, every- 
one in the company is involved with the concept and 
methodology of total quality control. 

Third, there is an ongoing research and development 
effort to set even higher standards of device quality and 
reliability. 

Fourth, extensive failure analysis is performed period- 
ically and corrective actions are taken as preventive 
measures. Process control is based on statistical data 
gathered from this analysis. 

The goal is to maintain the superior product quality 
and reliability that has become synonymous with the 
NEC name. The new standard is continuously upgraded 
and the iterative process continues. 

Implementation of Distributed Quality Control 

Building quality into a product requires early detection 
of possible causes of failure at each process step. 
Then, immediate feedback to remove the causes is a 
must. A fixed station quality inspection is often lacking 
in immediate feedback. It is, therefore, necessary to 
distribute quality control functions to each process 
step, including the conceptual stage. NEC has imple- 
mented a distributed quality control function at each 
step of the process. Following is a breakdown of the 
significant steps: 

• Product development phase 

• Wafer processing 

• Chip mounting and packaging 

• Electrical testing and thermal aging 

• Incoming material inspection 

1 1 
Product Development Phase. The product developmen 

phase includes conception of a product, review of th( 

device proposal, organization and physical elemen | 

design, engineering evaluation, and finally, transfer of 

the product to manufacturing. Quality and reliabilitv| 

are considered at every step. More significantly, at thi 

design review stage and prior to product transfer, th( 

quality and reliability requirements have to be examine* 

and determined to be satisfactory. This often adds 2 1( 

3 months to the product development cycle. Buildini 

in high reliability, however, cannot be sacrificed. * 
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Wafer Processing Stage Inspection. The in-process 
quality inspections that occur at the wafer fabrication 
stage are listed in table 12. 

Table 12. Wafer Processing Inspection 



Process 


Inspection Item 


Wafer 


Resistivity, dimension, and appearance, 
(lot sampling inspection) 


Mask 


Photolithography 


Alignment and etching (100% inspection) 


Cleaning 


Diffusion and oxidation 


Oxide thickness, sheet resistivity (lot 
sampling inspection) 


Metalization and passivation 


Thickness, Vth, C-V characteristics (lot 
sampling) 


Wafer sort and scribe 


Dc parameters (100% inspection) 


Die sort 


100% visual inspection 



Chip Mounting and Pacltaging. The in-process quality 
inspections done at the chip mounting and packaging 
stage are listed in table 13. 

7ab/e 13. Chip Mounting and Packaging Inspection 



^recess 


inspection item 


Die 


Incoming material Inspection 


)ie attach 


Appearance (lot sampling inspection) 


Vire bonding 


Bond strength, appearance (lot sampling) 


'ackaging 


100% appearance inspection 


■ine leak* 


Lot sampling 


iross leak* 


100% inspection 



For ceramic package devices only. 

Mectrical Testing and Screening. Electrical testing and 
ifant mortality screening are performed at this stage. 
^ flowchart of the process is depicted in figure 4. 

A the first electrical test, dc parameters are tested 
ccording to the electrical specifications on 100% of 
ach lot. This is a prescreening prior to the infant 
lortality test. At the second electrical test, ac function- 
I tests as well as dc parameter tests are performed on 
D0% of the subjected lot. If the percentage of defective 
nits exceeds the limit, the lot is subjected to an 
dditional burn-in. During this time, the defective units 
'e undergoing a failure analysis, the results of which 
'e then fed back into the process for corrective action. 



Figure 4. Electrical Testing and Screening 









DC Parameters 

DC Parameters, 
AC Functional 

Electrical, 
Appearance, and 
Dimensions 

83-003942A 




1st Electrical Test 


















100 Percent Lot Burn-In 
Ta=125°C 








2nd Electrical Test 




►Jo /Pass\ 

/ PDA y 






Yes 




Warehouse 
Finished Goods Stored 










Reliability Assurance 
Test [RAT] Sampling 










Incoming {Material Inspection. Prior to warehouse 
storage, lots are subjected to an incoming inspection 
according to the following sampling plan. 



• Electrical test: 



Dc parameters 
Functional test 



LTPD 
LTPD 

LTPD 



3% 
3% 

3% 



• Appearance 

Reliability Assurance Test 

Samples are continually taken from the warehouse and 
subjected to monthly reliability tests as discussed 
previously. They are taken from similar process groups 
so that it can be assumed that any device is rep- 
resentative of the reliability of the group. 
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In-Process Screening 

Perhaps the most significant preventive measure that 
NEC has implemented is the introduction of 100% 
burn-in as an integral part of the standard production 
process. Most of the potential infant failures are ef- 
fectively screened from every lot, thereby improving 
reliability. Assuming average activation energy of 0.7 
eV, burn-in at Ta = 125°C for 4 hours is equivalent to a 
week's operation in a normal operating environment. 
This appears to be ample time for accelerating the 
time-to-failure mechanisms for early failures. 

Process automation, as previously mentioned, has also 
contributed a great deal toward improving reliability. 
Since its introduction, assembly related failure mech- 
anisms have been substantially reduced. And, in 
combination with in-process screening and materials 
improvement, it has helped establish quality and 
reliability above NEC's initial goals. 



Summary and Conclusion 

As has been discussed, building quality and reliability 
into products is the most efficient way to ensure 
product reliability. NEC's approach of distributing 
quality control functions to process steps, then forming 
a consolidated quality control system, has produced 
superior quality and excellent reliability. 

Prescreening, introduced as an integral part of large- 
scale integrated circuit protection, has been a major 
factor in improving reliability. The most recent year's 
production clearly demonstrates continuation of NEC's 
high reliability and the effectiveness of this method. 

Reliabilityassurancetests(RATs), performed monthly, 
have ensured high outgoing quality levels. The com- 
bination of building quality into products, effective 
prescreening of potential failures, and the reliability 
assurance test has established a singularly high stan- 
dard of quality and reliability for NEC's large-scale 
integrated circuits. 

With a companywide quality control program, NEC is 
committed to building superior quality and highest 
reliability into all its products. Through continuous 
research and development activities, extensive failure 
analysis, and process improvements, a higherstandard 
of quality and reliability will continuously be set and 
maintained. 
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CMOS MICROPROCESSORS 
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Section 3 — CMOS Microprocessors 

//PD70008/A 8-Bit Microprocessors 3-3 

//PD70108 8/16-Bit High-Performancel\/licroprocessor(V20™) 3-31 

//PD70116 16-Bit Higli-Performance i\/licroprocessor (V30™) 3-63 

//PD70208 8/16-Bit Higli-integration Microprocessor (V40™) 3-95 

/iPD70216 16-Bit High-Integration Microprocessor (V50™) 3-161 

JUPD70616 32-Bit Virtual Memory Microprocessor (V60™) 3-229 

/iPD72191 Floating Point Processor 3-233 

V20 through V60 are trademarks of NEC Corporation. 
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NEC 

NEC Electronics Inc. 



iuPD70008IA 

8-BIT CMOS 

MICROPROCESSORS 



Description 

The mPD70008 and mPD70008A are power saving, high 
performance, general purpose 8-bit microprocessor It 
is a CMOS-process part with a standby mode that 
greatly reduces power consumption. 

Features 

D High performance )iiPD780 instruction set 
n Instruction cycle: 

Vs at 4 MHz OiPD70008, mPD70008A-4) 

0.66 ^s at 6 MHz OiPD70008A-6) 
D Direct addressing of up to 64 K bytes of memory 
D Memory refresh function 
n Interrupt functions: 

- Maskable external interrupt (INT) 

- Nonmaskable external interrupt (NMI) 
n Ijow-power standby mode (HALT) 

D CMOS standby mode (HALT) 
D Single power supply 

3rdering Information 



|art 
lumber 


Package Type 


Max Frequency 
of Operation 


PD70008C 


40-pin plastic DIP 


4 MHz 


PD70008AC-4 


40-pin plastic DIP 


4 MHz 


PD70008AC-6 


40-pin plastic DIP 


6 MHz 


PD70008AG-4 


44-pin plastic miniflat 


4 MHz 


°D70008AG-6 


44-pin plastic miniflat 


6 MHz 


^D70008AL-6 


44-pin PLCC 


6 MHz 


\bsoiute IMaximum Ratings 

;a=25°c 


pwer supply voltage, V[)D 


-0.3Vto+7V 


iput voltage, V|m 




-0.3VtoVD[)+0.3V 


ijtput voltage, Vq 




-0.3VtoVDD-H0.3V 



Derating temperature, Tqpt 

(iPD70008 

)iPD70008A 



-10°Cto+70°C 
-45°Cto+85°C 



brage temperature, Tstg 



-65°Cto-i-150°C 



ommetit: Exposing the device to stresses above those listed in Abso- 
te Maximum Ratings could cause permanent damage. The device is 
j)t meant to be operated under conditions outside the limits de- 
iribed in the operational sections of the specification. Exposure to 
solute maximum rating conditions for extended periods may affect 
ivlce reliability. 



Pin Configurations 

40-Pin Plastic DIP 













AnC 1 V. 


^ 40 


H A10 


A12C 2 


39 


3A9 




A13C 


3 


38 


3Aa 




A14C 


4 


37 


3A7 




A15C 


5 


36 


::a6 




CLK C 


6 


35 


HAs 




D4C 


7 


34 


:iA4 




D3C 


8 


33 


3 A3 




D5 C 9 < 32 


:iA2 




DeC 


10 1 31 


DAi 




VddC 


11 i 30 


DAo 




D2C 


12 \ 29 


:: GND 




D7I: 


13 


28 


3 RFSH 




DoC 


14 


27 


3 Mi 




DiC 


15 


26 


3 RESET 




INT C 


16 


25 


H BUSRQ 




iiiivli 1: 


17 


24 D WAIT 




HALT C 


18 


23 


3 BUSAK 




MREQ C 


19 


22 3 WR 




iORQ C 


20 


21 D RD 


83^)033e3A 











44-Pin Plastic IVIiniflat 



<<<<<z <<<<< 



CLKI II 




D41 II 




nal II 




ns 1 n 




DRI II 




Vpp 1 II 




n»i II 








nol II 




mi II 




NCI II 



'44 43 42 41 40 

o 



12 


13 


4 




15 




16 




17 




ie 




19 


2( 




21 


22, 


- 
i 


■ 


i 

z ■ 


h 

i 




1 

i 




I 








i 




1 


s 




s 


■ 


3 




II INC 




II IA5 




II IA4 












II IA1 




II Un 






1 1 1 RFSH 




II IMI 




1 1 1 RFSFT 
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Pin Identification 



40-Pin Plastic DIP 




No. 


Symbol 


Function 


1-5 


AirAi5 


Address bus, high bits, outputs 


6 


CLK 


Clock input 


7-10 


D3-D6 


Data bus, bits 3-6, inputs /outputs 


11 


Vdd 


Power supply 


12 


D2 


Datra bus, bit 2, input /output 


13 


D7 


Data bus, bit 7, input /output 


14,15 


D0.D1 


Data bus, bits 0, 1, inputs /outputs 


16 


iNT 


Interrupt input 


17 


NMi 


Nonmaskable interrupt input 


18 


HALT 


Halt/standby mode output 


19 


MREQ 


Memory request output 


20 


lORQ 


I/O request output 


21 


RD 


Read strobe output 


22 


WR 


Write strobe output 


23 


BUSAK 


Bus acknowledge output 


24 


WAIT 


Wait input 


25 


BUSRQ 


Bus request input 


26 


RESET 


Reset input 


27 


Ml 


Machine cycle 1 output 


28 


RFSH 


Refresh request output 


29 


GND 


Ground 


30-40 


A0-A10 


Address bus, low bits, outputs 



44-Pin Plastic Miniflat 



Pin Functions 

A15-A0 (Address Bus) 

These three-state output pins form a 16-bit address bus 
for addressing memory or peripheral devices. The ad- 
dress bus enters the high impedance state when bus 
acknowledge is active. In the standby mode, these pins 
output high- or low-level signals. 

D7- Do (Data Bus) 

These three-state pins form an 8-bit bidirectional data 
bus. On this bus data is transferred between the 
/iPD70008/A and memory or peripheral devices. This 
bus enters the high impedance state when bus ac- 
knowledge is active. In the standby mode, these pins 
are high-level. 

INT (Interrupt) 

This pin is an active- low interrupt input which ca n be 
mas ked by softw are. NMI has a lower priority than NIVII 
and BUSRQ. INT releases the standby mode. 



No. 


Symbol 


Function 


40-44 


AirAi5 


Address bus, high bits, outputs 


1 


CLK 


Clock input 


2-5 


D3-D6 


Data bus, bits 3-6, inputs /outputs 


6 


Vdd 


Power supply 


7 


D2 


Datra bus, bit 2, input /output 


8 


D7 


Data bus, bit 7, input /output 


9-10 


D0.D1 


Data bus, bitsO, 1, inputs /outputs 


12 


iNT 


Interrupt input 


13 


NMI 


Nonmaskable interrupt input 


14 


HALT 


Halt/standby mode output 


15 


MREQ 


Memory request output 


16 


lORQ 


1 / request output 


18 


RD 


Read strobe output 


19 


WR 


Write strobe output 


20 


BUSAK 


Bus acknowledge output 


21 


WAIT 


Wait input 


22 


BUSRQ 


Bus request input 


23 


RESET 


Reset input 


24 


Ml 


Machine cycle 1 output 


25 


RFSH 


Refresh request output 


26 


GND 


Ground 


28-32, 34-38 


A0-A10 


Address bus, low bits, outputs 


17 


IC 


Internally connected 


11, 33, 39 


NC 


Not connected 



NMI (Nonmaskable Interrupt) 

This pin i nput s an interrupt which is not maskable b 
software. NMI is active-low in the p<PD 7000 8, and is fall 
ing edge triggered in the ptPD70008A. NMI has a hi ghe 
priority than INT, but a lower priority than BUSRQ an 
RESET. NMI releases the standby mode. 



MREQ (Memory Request) 

This three-state pi n is a n active-low output. Jh^i 
fiPD70008/ A asserts MREQ to indicate that the informi f 
tion on the address bus is a memory address. This pt 
enters the high imped ance state when bus acknow 
edge is active. MREQ is inactive (high) in the standi: 
mode. 
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Pin Functions (cont) 



lORQ (I/O Request) 

This three-state pi n is an active-low output. The 
)iPD70008/A asserts lORQ to indicate that the informa- 
tionon the address bus is a peripheral device address. 
lORQ is also asserted during a maskable interrupt serv- 
ice to request the interrupting device to output its inter- 
rupt vector to the data bus. This pin enters the high 
imped ance state when bus acknowledge is active. 
lORQ is inactive (high) in the standby mode. 

RD (Read Strobe) 

This three-state active-low output provides a read strobe 
for the memory and peripheral devices. The pin enters 
the high impedance state when the bus acknowledge is 
active. RD is inactive (high) in the standby mode. 

WR (Write Strobe) 

This three-state active-low output provides a write 
strobe for the memory and peripheral devices. This pin 
enters the high impedance state when bus acknowl- 
edge is active. WR is inactive (high) in the standby 
mode. 



BUSRQ (Bus Request) 

This is an active-low input. Peripheral devices assert 
BUSRQ to request the iuPD70008/ A to release control of 
the address bus (A js-Ap), data bus (D7-D0) and control 
bus (MREQJORQ, RD and WR) and assert bus acknowl- 
edge . BUSRQ has a higher priorit y than either IN T or 
NMI, but is lower in priority than RESET BUSRQ will 
temporarily suspend the stand by mode . The /iPD70008/ 
\ leaves standby mode when BU SRQ is a sserted, but 
'eturns to the standby mode when BUSRQ is released. 



3USAK (Bus Acknowledge) 

This active-low output indicates that the d ata bus 
D7-D 0), address bus (A15-A0), and control bus (MREQ, 
pRQ, RD and WR) have entered the high impedance 
itate. This releases the buses from CPU control and 
nakes them available to the peripheral devi ces f or data 
ixchange. This state cannot be released by NMI or IN T, 
lut responds only to RESET or the release of BUSRQ. 



WAIT (Wait) 

This pin is an active-low input. Memory and peripheral 
devices assert th is sign al to increase read or write ac- 
cess time. When WAIT is asserted, the /iPD70008 /A in- 
serts wait states (TW) into the machine cycle until WAIT 
is released. 



RESET (Reset) 

This active-low input is used to reset the /iPD70008/A. 
The standby mode is released on Reset. Reset has the 
highest priority. 



INTK NMK BUSRQ < RESET 



RFSH (Refresh Request) 

This pin is an active-low output. The /iPD70008/A as- 
serts RFSH t o trigg er the external memory refresh oper- 
ation. When RFSH is low, the lower seven bits of the 
address bus (As-Aq) are a refresh address. This pin is 
inactive (high) in the standby mode. 

Ml (Machine Cycle 1) 

This pin is an active-low output. When Mi is asserted, it 
indicates that the jnPD70008/A is in the opcode fetch cy- 
cle, M1. 

CLK (Clock) 

This pin is the system clock input. 

Vdd (Power Supply) 

This pin is the -h5 V power supply input. 

GND (Ground) 

This pin is the ground pin. 




1ALT (Halt/Standby Mode) 

his active-low output is asserted after the halt com- 
land has been executed and indicates that the 
PD70008/A has entered the standby mode. 
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Block Diagram 
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DC Characteristics 

^(PD70(X)8:Ta= -10°Cto +70°C,tiPD7(X)08A:TA= -40°Cto +85°C, 
Vdd=+5V±10% 





Symbol 


Limits 




Unit 


Test 


Parameter 


MIn -IVp 


Max 


Conditions 


Input voltage 
high 


V|H1 


2.2 


Vdd 


V 


Except CLK, 
RESET 




V|H2 


Vdd-0.6 


Vdd+o.c 


V 


CLK, RESET 


Input voltage 
low 


VlL1 


-0.3 


0.8 


V 


Except CLK, 
RESET 




V|L2 


-0.3 


0.45 


V 


CLK, RESET 


Output voltage 
high 


VOH 


2.4 




V 


IOH=-400|J\ 


Output voltage 
low 


Vol 




0.4 


V 


l0L=2.5mA 


Input leakage 
current high 


Ilih 




10 


mA 


V| = Vdd 


Input leakage 
current low 


lUL 




-10 


mA 


V|N = OV 


Output leakage 
current high 


Iloh 




10 


/^ 


Vo=Vdd 


Output leakage 
current low 


Ilol 




-10 


v^ 


Vo = OV 





Limits 




Unit 


Test 




Max 


Conditions 


Supply current 
(Note 1) 
(iPDTOOOS Iddi 


10 


30 


mA 


tcYK=0.25fiS 


IdD2 


500 




mA 


tcYK=0.25MS 


j<PD70008A-4 Iddi 


9 


20 


mA 


tcYK=0.25MS 


IdD2 


80 


240 


mA 


tcYK=0.25^<S 


HPD70008A-6 Iddi 


14 


30 


mA 


tcYK=0.165MS 


IdD2 


120 


360 


^^ 


tcYK=0.165MS ,| 



Note: 

(1) 'ddi is normal operating current. 
I[)D2 is standby mode current. 
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Capacitance 

TA = 25°C,fc = 1MHz 



AC Test Points 







Limits 




Unit 


Test 


Parameter 


Symbol Min 


TVp 


Max 


Conditions 


CLK input 
capacitance 


Ck 




35 


PF 


(Note 1) 


Input 
capacitance 


C| 




5 


PF 


(Note 1) 


Output 
capacitance 


Co 




10 


pF 


(Note 1) 


I/O capacitance C|o 




10 


pF 


(Notel) 



RESET, CLK 

VDD-0.6V 



VDD-0.6V 



X 



0.45 V 
OUTPUT, INPUT 

2.2 V 



2.4 ^ 

0.45 fy~ 



Note: 

(1) All unmeasured pins returned to V. 

AC Characteristics 

hPD70008:Ta= -10°Cto +70°C,f(PD70008A:TA= -40°Cto +85°C, Vcc = 5V±10% 



CLK 



Clocl< period 



tCYK 



0.25 



(Notel) 



0.165 



(Note 8) 



Clock pulse width high 



Ikkh 



0.11 



200 



0.065 



200 



Clocl< pulse width low 



*KKL 



110 



2000 



65 



2000 



Clock pulse rise and fall time tKp, tKp 



30 



20 



ixs 



l^s 



X 



0.45 V 
2.2 V 



X 






Parameter 


Symbol 


Limits 


Unit 






MPD70008/A-4 p(PD70008A-6 


Test 


Signal 


Min Max Min Max 


Conditions 



^15-Ao 



7-Do 



Address output delay 



^DKA 



110 



90 



Address delay to float 



tpKA 



90 



80 



Address stable prior to MREQ, 
memory cycle 



tSAM 



(Note 2) 



(Note 9) 



Address stable prior to iORQ in 
I / cycle 



tSAI 



tcYK-70 



(Note 10) 



Address stab le from RD, WR, 
IORQ, MREQ 



tHRA 



(Note 3) 



(Note 11) 



Address stable from RD, WR 
during float 



tpCA 



(Note 4) 



(Note 12) 



Data output delay 



tOKD 



180 



130 



Delay to float during write cycle tpKD 



90 



80 



Data setup time to CLK during Ml 
cycle 



tSDKR 



35 



30 



Data setup time to CLK during M2 
to M5 cycles 



tSDKF 



50 



40 



Data stable prior to WR (memory 
cycle) 



tSMDW 



tcYK-170 



(Note 13) 



Data Stable prior to WR (I/O 
cycle) 



tSIDW 



tKKL+tKR-170 



(Note 14) 



Data stable from WR 



tpCD 



(Note 5) 



(Note 15) 



WR delay from CLK t to WR low toKRWL 



65 



60 



WR delay f rom C LK i to WR low Idkfwl 



80 



70 



WR delay from CLK i to WR high tDKPWH 



80 



70 



CL=100pF 



CL=100pF 



CL=100pF 



Cl=100pF 



Cl = 100pF 



Cl = 100pF 



CL = 100pF 



CL = 100pF 



CL=100pF 



CL=100pF 



CL=100pF 



CL=100pF 



CL = 100pF 



WR low pulse width 


twWL 


tcYK-30 




(Note 18) 




ns 




Mi delay from CLK t to Ml low 


tDKMIL 




100 




80 


ns 


Cl=100pF 


M delay from CLK t to Mi high 


tPKMIH 




100 




80 


ns 


CL=100pF 
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AC Characteristics (cent) 

hPD70008:Ta= -10°Cto +70°C,piPD70008A:Ta= -40°Cto +85°C,Vcc = 5V±10% 



Signal 



Limits 



|iPD70008/A-4 



^PD70008A-6 



Parameter 



Symbol 



Mln 



Max 



Mln 



Max 



Unit 



Test 
Conditions 



RFSH 



BUSAK 



RFSH delay from CLKt to RFSH 
low 



'dkrfl 



130 



110 



BUSAK delay from CLKt to 
BUSAK low 



tOKRBA 



100 



90 



BUSAK delay from CLK Mo 
BUSAK higfi 



tOKFBA 



100 



90 



CL=100pF 





RFSH delay from CLKt to RFSH 
higfi 


tDKRFH 




120 




100 


ns 


Cl=100pF 


WAIT 


WAIT setup time to CLK i 


tSWTK 


70 




60 




ns 




HALT 


HALT delay from CLK; 


tOKHT 




300 




260 


ns 


Cl=100pF 


INT 


INT setup time to CLKt 


tSITK 


80 




70 




ns 




Mi 


NMI low pulse widtfi 


tNNL 


80 




70 




ns 




BUSRQ 


BUSRQ setup time to CLK i 


tSBQK 


50 




50 




ns 





Cl=100pF 



Cl=100pF 



RESET 



RESET setup to CLK 



tSRSK 



60 



60 



Other 



Delayto float (MREQ,IORQ,RD, 
WR) 



Vkc 



80 



70 



W stable prior to lORQ (interrupt 
acknowledge) 



tSMII 



(Note 7) 



(Note 19) 



Hold time for setup time 



mEQ 



MREQdelayfromCLKItoMREQ 
low 



tOKFML 



85 



70 



MREQ delay from CLKt to MREQ 
high 



tOKRMH 



85 



70 



MREQ delay from CLK i MREQ 
high 



tOKFMH 



85 



70 



Pulse width MREQ low 



Imml 



tcYK-30 



(Note 16) 



Pulse width MREQ high 



Immh 



(Note 6) 



(Note 17) 



CL=100pF 



Cl=100pF 



Cl=100pF 



Cl=100pF 



Cl=100pF 



lORQ 



lORQ delay from CLKt to lORQ 
low 



^DKRIL 



75 



65 



lORQ delay from CLK i to lORQ 
low 



tOKFIL 



85 



70 



lORQ delay from CLKt to lORQ 
high 



*DKRIH 



85 



70 



lORQ delay from CLK ; to lORQ 
high 



Idkfih 



85 



70 



CL=100pF 



CL=100pF 



Cl=100pF 



Cl=100pF 



RD 



RD delay from CLK t to RD low Idkrrl 



85 



70 



RD delay from CLK I to RD low Idkrfl 



95 



80 



RD delay from CLKt to RDhigti toKRRH 



85 



70 



RD delay from CLK i to RD high Iokfrh 



85 



70 



CL=100pF 



Cl=100pF 



Cl=100pF 



Cl=100pF 



Note: 

(1) tcYK = 

(2) tsAM = 

(3) tHRA = 

(4) tFCA = 

(5) tFCD = 

(6) tMMH 



tKKH+tKKL+kR+tKF 

tKKH+tKF-65 

tKKL+tHR-50 

tKKL+*KR-45 
= tKKL+*KR-70 
= tKKH+tKF-20 



(7) tsMII = 2tcYK +tKKH +tKF - 65 

(8) tCYK = tKKH+tKKL+'KR+tKF 

(9) tSAM = tKKH+tKF-50 

(10) tsAI = tcYK-55 

(11) tHRA = tKKL+tKR-50 

(12) tFCA = tKKL + tKR-40 

(13) tsMDW = tCYK-140 



(14) tsiDW = tKKL+tKR-140 

(15) tFCD = tKKL+tKR-55 

(16) tMML = tCYK-30 

(17) tMMH = tKKH+tKF-20 

(18) tvvwL = tCYK-30 

(19) tSM1l = 2tcYK +tKKH +tKF " 
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Timing Waveforms 
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Register Configuration 

Program Counter (PC) 

The 16-bit program counter contains tiie address of tfie 
next Instruction to be fetched and executed. It is set to 
OOOOH at reset. 

Stack Pointer (SP) 

The 16-bit stack pointer stores the first address of the 
portion of main memory used as a LiFO stack. SP is de- 
cremented when a CALL or PUSH is executed, or when 
an interrupt occurs, it is incremented when a RET, POP, 
or Interrupt return is executed. 

Index Registers (IX, lY) 

These two 16-bit registers are used to perform indexed 
addressing. 

Accumulators (A, A') 

The ixPD700Q8IA has two 8-bit accumulators: the main 
accumulator (A) which is used to perform arithmetic 
and logic operations, and an alternate accumulator (A'). 
The contents of the main and alternate accumulators 
can be exchanged using the (EX) instruction. The alter- 
nate accumulator can be used for background opera- 
tion, or to save the data in the main accumulator when 
an interrupt is processed. 

Flag Registers (F, F') 

The fiPD70008/A has two 8-bit flag registers: main (F) 
and alternate (F') of the format shown in figure 1. The 
main flag register (F) has the status flags resulting from 
normal operation. The contents of the main and alter- 
nate registers can be exchanged using the exchange 
(EX) Instruction. The alternate (F') register can be used 
for background operation, or to save the state of the 
main flag register when an interrupt is processed. 

Figure 1. Flag Register Format 
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General Purpose Registers 

The /iPD70008/ A has twelve 8-bit general purpose regis- 
ters: six main registers (B, C, D, E, H, and L) and six alter- 
nate registers (B', C, D', E', H', and L'). Each register can 
be used individually as an 8-blt register, or can be used 
in pairs as 16-bit registers (BC, B'C, DE, D'E', HL, and 
H'L'). 

The main registers are used when instructions are exe- 
cuted normally. The contents of the main and alternate 
registers are exchanged using the EX instruction. The 
alternate registers may be used for background opera- 
tion or to save the contents of the main registers when 
an interrupt is processed. 

Interrupt Page Address Register (I) 

This 8-bit register is used to generate addresses in 
maskable interrupt mode 2. See figure 2. These ad- 
dresses are used with externally input data to reference 
an interrupt start address table. 

This register is cleared to OOH at reset. 
Figure 2. Interrupt Reference Address 
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IVIemory Refresh Register (R) 

This 7-bit register retains the refresh address for the ex 
ternal dynamic memory. The contents of this registei 
are automatically incremented in each opcode fetcl' 
(Ml) cycle. The contents of this register are output or 
the lower 7 bits of the address bus (Ab-Aq). 

This register is cleared to OOH at reset. 

Timing 

This section describes read and write timing for menr 
ory and I/O devices in connection with CPU operatioi 
timing. A single clock cycle (from one leading edge t 
the next) is defined as one timing state. The nth state i 
represented as Tn. A single instruction consists of tw 
to six machine cycles. A single machine cycle require 
three to six timing states. The nth machine cycle is ret 
resented as Mn. 

Table 1 lists the number of states normally required I: 
each cycle. 
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Table 1. Timing States per Cycle 




Cycle 


Number of States 
per Machine Cycle 


Opcode fetch 


4 


Memory read 


3 


Memory write 


3 


I/O read 


4 


I/O write 


4 



The four states for I/O read and write include a single 
wait state (TW). The /nPD70008/ A inserts one wait state 
in every I/ O read or write. Slower external devices may 
assert the WAIT signal to request longer read and write 
access times. This time will be ad ded to the original 
number of clock states. The WAIT signal i s mon itored 
on the trailing edge of clock state T2. If WAIT is as- 
serted, a wait state ( TW) is generated. The /iPD70008/A 
continues to monitor WAIT on the clock's trailing edge, 
and supplies additi onal w ait states a long as that signal 
is asserted. When WAIT is released the jnPD70008/A 
proceeds to the T3 state. 



Figure 3. Opcode Fetch Cycle 
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Opcode Fetch Cycle 

The first machine cycle of each instruction, IVI1, is the 
opcode fetch cycle. See figure 3. The opcode is fetched 
from memory during the first half of this cycle, and the 
dynamic memory is refreshed during the latter half. 

The memo ry outputs the opcode to the data bus when 
MREQ, RD, or Ml is asserted. It is then read into the CPU 
at the leading edge of clock state T3. 

The CPU outputs a refresh address onto Ae- Ap duri ng 
T3. It is applied to the dynamic memory when RFSH or 
MREQ are asserted. 

Memory Read Cycle 

The me mory contents are read out to the data bus when 
MREQ or RD is asserted. The juPDTOOOB/A reads data 
from the data bus on the trailing edge of T3. See figure 4. 

Memory Write Cycle 

Write data is output to the data bus between the last 
half of state T1 of the current machine cycle and the first 
half o f sta te T1 of th e next cycle. It is written to memory 
when WR or MREQ is asserted. See figure 5. 

Figure 4. Memory Read Cycle 
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Figure 5. Memory Write Cycle 
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Figure 6. I/O Read Cycle 
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I/O Read Cycle 

The conten ts of an 1/0^ device are read out to the data 
bus when lORQ or RD is asserted. The mPD70008/A 
reads the data bus on the trailing edge of the T3 clocl< 
state. See figure 6. To compensate for I/O devices with 
longer access times, the /iPD70008/A generate s one 
wait state (TW) regardless of the condition of the WAIT 
sig nal. To extend the access time, the CPU must detect 
the WAIT signal asserted at the falling edge of TW. 

I/O Write Cycle 

Write data is output to the data bus between the last 
half of state T1 of the current machine cycle and the first 
half of T1 of the next m achine cycle. It is written to an 
I/O device when lORQ or WR is asserted. As in the I/O 
read cycle, one wait state is auto matica lly inserted in 
the I /O write cycle. See figure 7. The WAIT signal is used 
to insert additional wait states in the I/O write cycle in 
exactly the same way as in the read cycle. 



Figure?. I/O Write Cyclt 
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Bus Request State 

The bus request causes the )nPD70008/A addre ss bus 
(A15-A 0), data bus (D7-D0), and control bus (MREQ, 
iORQ, RD, and WR) pins to enter the high impedance 
state.This makes the buses available to external de- 
vices for DMA access. 

The bus request state is controlled by the bus request 
(BUSRQ ) signal. See figure 8. The j^PD70008/A detects 
BUSRQ at the rising edge of the last state of each ma- 
chine cycle. If it is active (low) the /^PD70008/A does not 
move on the next machine cycle, but e nters the bus re- 
quest state. Thej£Pp70008/A asserts BUSAK to indi- 
cate that the BUSRQ signal has been received, and the 
three buses have entered the high impedance state. 



BUSRQ is checked at the rising edge of all clock states. 
When it becomes inactive the )uPD70008/A leaves the 
bus request state, and proceeds to the next cycle. 



BUSRQ temporarily suspends the standby mode. When 
BUSRQ is asserted, thepiPD70008/A leaves th e stand by 
mode and enters the bus request state. When BUSRQ is 
released the jiiPD70008/A returns to the standby mode. 

Interrupts are disabled during the bus request state. 

Interrupts 

rhe jLiPD70008/A has tw o typ es of interrupt: maskable 
INT) and nonmaskable (NMI). The nonmaskable inter- 
upt request cannot be masked by software. It will be ac- 
knowledged unless the /iPD70008/A is in the bus 

^igure 8. Bus Request State 



request state. The maskable Interrupt can be masked by 
software. It is controlled by setting or resetting the inter- 
rupt enable flip-flop (IFF) using the El or Dl instructions. 
INT has a lower priority than the nonmaskable interrupt. 
The maskable interrupt will therefore not be acknowl- 
edged if there is a nonmaskable interrupt, or if the 
mPD70008/A is in the bus request state. 



INTK NMK BUSRQ < RESET 

Nonmaskable Interrupt Operation 

The falling edge of NMI always sets the nonmaskable 
interrupt flip-flop. The /ljPD70008/A checks the flip-flop 
at the rising edge of the last clock state of an instruc- 
tion. If it is set, the ;iPD70008/A transfers control to the 
nonmaskable interrupt service routine. The interrupt 
process starts at the opcode fetch cycle, (Ml, 5 states) 
but the opcode fetched at this point is ignored. The con- 
tents of the PC are stored on the stack in the next two 
machine cycles (M2, 3 states and M3, 3 states). At the 
same time, the address 0066H is loaded into the PC, and 
the state of the interrupt enable flip-flop is saved to an 
exclusive flip-flop. The entire interrupt routine requires 3 
machine cycles (11 states). The contents of the PC and 
IFF are restored by the execution of the RETN instruc- 
tion at the end of the interrupt procedure. 
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Maskable Interrupt Operation 

Maskable inter rupts are processed in three modes. In 
eacfi mode, the INT signal is detected at the rising edge 
of the last clock state of each instruction. The Ml in- 
struction specifies which mode is to be used. 

Mode 0. In this mode, the data placed on the bus by the 
interrupting device Is treated as an instruction. It is 
fetched in the opcode fetch cycle (M1, 7 states) and exe- 
cuted. The instruction used in this mode is usually a 
CALL (3 bytes) or RST (1 byte). 

If a 1-byte RST instruction is executed, the contents of 
the PC are saved to the stack. A fixed address specified 
by the opcode is loaded into the PC during the next M2 
(3 states) and M3 (3 states). The execution of this inter- 
rupt requires 3 machine cycles or 13 states. 

If a 3-byte CALL instruction Is executed, the second and 
third bytes are fetched during the M2 and M3 cycles (3 
states each). During M4 and M5 (3 states each), the con- 
tents of the PC are saved to the stack and the second 
and third bytes of the CALL instruction are loaded into 
the PC. This interrupt requires 5 machine cyces and a 
total of 19 clock states. 

Mode 1. In this mode, the data fetched during Ml (7 
states) is ignored, and the /iPD70008/ A proceeds to the 
next cycle. During the M2 and M3 machine cycles (3 
states each), the contents of the PC are saved to the 
stack and replaced by the interrupt address 0038H. This 
interrupt requires 3 machine cycles or 13 states. 

Mode 2. In this mode, the data fetched from the inter- 
rupting device and the contents of the interrupt page 
register (I) are used to reference an interrupt start ad- 
dress table. Program execution jumps to the 16-bit ad- 
dress referenced by the table. See figure 9. The data is 
fetched during the opcode fetch cycle (Ml, 7 states). 
During M2 and M3 (3 states each) the contents of the PC 
are saved to the stack. During the M4 and M5 cycles, (3 
states each) the table is referenced and the contents of 
the table location are loaded into the PC. This interrupt 
requires 5 machine cycles or 19 states. 

Standby Mode 

The fiPD70008/A is provided with a standby mode 
(HALT). In the standby mode, power consumption is ap- 
proximately 2% of normal operating power consump- 
tion. The standby mode is set by executing the HALT 
instruction. 

In the standby mode, the state of the fiPD70008/ A Is re- 
tained. The contents of all registers and the state of all 
flags are retained as well. Clock signals are supplied 
only to indispensable circuits in the(iPD70008/Ato min- 
imize power consumption. 



Figure 9. Interrupt Address Table 
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External operations such as memory access and mem 
ory refresh are not performed in the standby mode. 

Table 2 shows the state of each output pin in the 
standby mode. 



Table 2. Standby Mode 




Pin 






Status 


Data bus 
D7-D0 






High level, pulled up through internal 
resistance 


Address bus 
A15-A0 






High or low level signals 


Control bus 
RD.WR, MREQ 


lORQ, 


M1 


High level (inactive) 


RFSH 






High level (inactive) 


HALT 






Low level (active) 



The standby mode is released when a reset or an int€ 
rupt occurs. The standby mode is temporarily su 
pended by a bus request, but not released. 



RESET In Standby Mode 



When the RESET signal becomes active (low) tl 
standby mode is released and a normal reset is p( 
formed. 

NMI in Standby Mode 

When the NMI signal is asserted (low) the standby mo 
is released and normal nonmaskable interrupt proce; 
ing is performed. The interrupt is not performed in t 
bus request state. 
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INT in Standby Mode 

When the INT signal is asserted (low) the standby mode 
is released. If the interrupt is enabled, normal interrupt 
processing is performed. If the interrupt is disabled, ex- 
ecution resumes at the instruction following the HALT 
instruction. 



Table 3. Operand Description 



BUSRQ in Standby IVIode 

The BUSRQ signal is detected at the risin g edge of each 
clock in the standby mode. If the BUSRQ signal is active 
(low) the fiPD70008/A leaves the standby mode, and en- 
ters the bus request state. When BUSRQ is released, the 
standby mod e is resu med. The standby mode is not re- 
leased by the BUSRQ signal. 



RESET 



The RESET signal must be asserted (low) for over 3 
clock cycles to be recognized. The following steps are 
the reset initialization process: 

• The program counter (PC) is cleared to OOOOH. 

• The interrupt enable flip-flop (IFF) is reset to 0, disa- 
bling maskable interrupts.The interrupt mode is set 
too. 

• The interrupt page address register (I) is cleared to 
OOH. 

• The memory refresh register (R) is cleared to OOH. 

• The address bus (A15-A0) and data bus (D7-D0) are 
set to high Impedance. 

» All control outputs are set in their inactive state. 

• The standby mode is released. 

The following registers are undefined at reset: 

Stack pointer (SP) 
Accumulators (A,A') 
Flag registers (F,F') 
General purpose registers 
(B, B',C,C',D,D',E,E', H,H', L,L') 
Index registers (IX,IY) 



Vhen RESET Is released the program will begin execu- 
ion from location OOOOH. 

nstruction Set 

ach operand should be written in the operand column 
f an instruction according to the description in table 3. 
apital letters are keywords and should be written as 
ley appear. 



Indentifior 




Description 








addr 






16-bit immediate data or iabel 






faddr 






OOH, 08H, 10H, 18H, 20H 
immediate data or label 


1,281- 


1, 30H, 38H 




word 






16-bit immediate data or label 






byte 






8-bit immediate data or label 






bit 






3-bit immediate data or iabel (bit specification of 
8-bit register /memory) 


d 






8-bit displacement (signed 2's 


complement) 


1 


r 






A, B, C, D, E, H, L 








r' 






A',B',C',D',E',H',I 


L' 






rp 






BC, DE, HL, AF 








rp1 






BC, DE, HL, SP 








rp2 






BC, DE, IX, SP 








rp3 






BC, DE, lY, SP 








e 






Displacement for relative jump (signed 2's 
complement) 




Selection of Register and Condition 


rp 


qq 




rpl *», dd rp2 


PP 


rp3 


rr 


BC 


00 




BC 00 BC 


00 


BC 


00 


DE 


01 




DE 01 DE 


01 


DE 


01 


HL 


10 




HL 10 IX 


10 


lY 


10 


AF 


11 




SP 11 SP 


11 


SP 


11 




r,r' 




r,r' 


bit b 




faddr 


t 


BB' 




000 


000 




OOH 


000 


CC 




001 


1 001 




08H 


001 


DD' 




010 


2 010 




10H 


010 


EE' 




oil 


3 Oil 




18H 


oil 


HH' 




100 


4 100 




20H 


100 


LL' 




101 


5 101 




28H 


101 


A A' 




111 


6 110 




30H 


110 








7 111 




38H 


111 




Flag Operation 

(Blank): Flag not affected 

0: Flag reset 

1: Flag set 

X: Flag affected according to result of operation 

U: Flag unknown 
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Structure of Instruction Byte for Addressing 





Byte] Opcode Byte 
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Operation 














Operation Code 














No. Of 

ClOClM 


No. of 
Bytes 






Flags 




Mnomonic Oporends 


7 


6 


5 


4 


3 


2 


10 7 6 


5 


4 


3 


2 


1 





S 


Z 


H P/V N 


C 


8-Bit Transfer Instructions 



LD 



HL, (word) 



H — (word +1), 
L ■*- (word) 



r, r' 


r-^r' 





1 








r' 
















4 


1 




r, byte 


r — byte 












1 


1 

















7 


2 




r, (HL) 


r — (HL) 





1 






1 


1 

















7 


1 




r, (IX + d) 


r — (IX + disp) 




1 





1 1 


1 










1 






1 


1 


19 


3 












disp 






















r, (lY = d) 


r — (lY+disp) 




1 


1 


1 1 


1 










1 






1 


1 


19 


3 












disp 






















(HL), r 


(HL) — r 





1 


1 


1 




r 
















7 


1 




(IX+d), r 


(IX + disp) *- r 




1 





1 1 


1 










1 


1 









19 


3 












disp 






















(IY+d),r 


(lY + disp) *- r 




1 


1 


1 1 


1 










1 


1 









19 


3 












disp 






















(HL), byte 


(HL) *- byte 








1 


1 


1 


1 

















10 


2 




(IX +d),byte 


(IX + disp) *- byte 




1 





1 1 


1 













1 




1 


1 


19 


4 












disp 






















(IY+d),byte 


(lY + disp) *- byte 




1 


1 


1 1 


1 













1 




1 


1 


19 


4 












disp 






















A, (BC) 


A *- (BC) 











1 





1 

















7 


1 




A, (DE) 


A — (DE) 











1 1 





1 

















7 


1 




A, (word) 


A — (word) 








1 


1 1 





1 

















13 


3 




(BC), A 


(BO — A 

















1 

















7 


1 




(DE), A 


(DE)— A 











1 





1 

















7 


1 




(word), A 


(word) ■— A 








1 


.1 





1 

















13 


3 




A, 1 


A — 1 


1 


1 


1 


1 


1 










1 





1 


1 


1 1 


9 


2 


X - X IFF 


A, R 


A — R 


1 


1 


1 


1 


1 










1 





1 


1 1 


1 1 


9 


2 


X X IFF 


i,A 


1— A 


1 


1 


1 


1 


1 










1 








1 


1 1 


9 


2 




R,A 


R — A 


1 


1 


1 


1 


1 










1 








1 1 


1 1 


9 


2 




rp1, word 


rp1 — word 








d 


d 






















10 


3 




IX, word 


IX — word 


1 


1 





1 1 


1 













1 








1 


14 


4 




lYword 


lY — word 


1 


1 


1 


1 1 


1 













1 








1 


14 


4 





g 

^ 



1 



-D 
Q 

O 
O 

o 

00 




Instruction Set (cont) 



LD 



SP, lY 



SP^IY 





Operation 














Operation Code 














No. of 
Clocl(s 


No. of 
Bytes 






Fiags 




Mnemonic Operands 


7 


6 


5 


4 


3 


2 


10 7 6 


5 


4 


3 


2 


1 





S 


2 


H P/V N 


C 


Sixteen-Bit Transfer Instructions 



rpl, (word) 


rplH -— (word + 1), 
rp1i_ — (word) 


1 11 


1 


1 





1 





1 


d 


d 


1 


1 


1 


20 


4 


IX, (word) 


IXh *- (word + 1), 
IXL^(word) 


1 1 


1 1 


1 





1 








1 





1 


1 





20 


4 


lY, (word) 


IYH*-(word+1), 
lYL^(word) 


111 


1 1 


1 





1 








1 





1 


1 





20 


4 


(word), HL 


(word+1)^H, 
(word) -^ L 


1 








1 



















16 


3 


(word), rp1 


(word +1)-^rplH, 
(word) — rp\ 


1 1 1 


1 


1 





1 





1 


d 


d 





1 


1 


20 


4 


(word), IX 


(word +1)^ IXh, 
(word) *- IXl 


1 10 


1 1 


1 





1 








1 








1 





20 


4 


(word), lY 


(word + 1) *- IYh, 
(word) *- IYl 


1 11 


1 1 


1 





1 








1 








1 





20 


4 


SP, HL 


SP*-HL 


1 1 1 


1 1 








1 
















6 


1 


spix 


SP^IX 


11 


1 1 


1 





1 


1 


1 


1 


1 


1 





1 


10 


2 



1111110111111001 



1= 
O 

o 
o 
o 

09 



PUSH 



(SP-D — rpL, 
(SP-2) — rpH, 
SP — SP-2 



(SP - 1) — IXl, 
(SP - 2) - IXh, 
SP — SP - 2 



(SP - 1) — IYl, 
(SP-2)-IYh, 
SP *- SP - 2 



1 1 q q 1 1 



1101110111100101 



1111110111100101 



POP 



rpL — (SP), 
rpH*-(SP + 1), 
SP — SP = 2 



IXl*-(SP), 
IXh— (SP + 1), 
SP — SP + 2 



IYl — (SP), 
IYh — (SP+1), 
SP — SP + 2 



1 1 q q 1 



1101110111100001 14 



1111110 11110 1 14 






insiruciion set (cont) 





Operation 
















Operation Code 












No. of 
Clocits 


No. of 
Bytes 






Flags 




Mnemonic Operands 


7 


6 


s 


4 


3 


2 


1 


7 6 


5 


4 


3 


2 1 





S 


z 


H P/V N 


C 


Data Conversion Instructions 


EX DE, HL 


DE**HL 




1 


1 


1 





1 





1 


1 












4 


1 










AF, AF' 


A**A',F**F' 
















1 





















4 


1 










EXX 


BC ** BC , 
DE^DE'.HL** 


HL' 


1 


1 





1 


1 








1 












4 


1 











EX 



(SP), HL 



(SP)**L, 
(SP+1)**H, 
SP— SP + 2 



(SP), IX (SP)**IXl, 

(SP+1)**IXh, 
SP-*$P+2 



(SP), lY (SP)**IYl, 

(SP+1)**IYh, 
SP*-SP+2 



1 1 1 I 1 



1101110111100011 23 



1111110 11110 11 23 



g 
^ 



Blocl( Transfer Instructions 



LDI 



(DE) — (HL), 
DE — DE+1, 
HL — HL+1, 
BC — BC - 1 



1110110110100000 16 



X 



LDIR 



(DE) — (HL), 
DE — DE+1, 
HL — HL+1, 
BC — BC - 1, 
End if BC = 



1110110110110000 21/16(1) 2 







LDD 



(DE) — (HL), 
DE — DE - 1, 
HL — HL-1, 
BC — BC - 1 



1110110110101000 16 



0x0 



LDDR 



(DE) — (HL), 
DE — DE-1, 
HL — HL - 1, 
BC — BC - 1, 
End if BC = 



11101101101110 21/16(1) 2 







Block Search Instructions 


OP! 


A-(HL), 
HL — HL+1, 
BC — BC-1 


1 


110 1 


1 1 


1 1 














1 16 


2 


X 


X 


X 


X 1 


CPIR 


A - (HL), 
HL — HL+1, 
BC — BC - 1, 
EndifA = (HL)orBC = 


1 



110 1 


1 1 


1 


1 











1 21/16(2) 


2 


X 


X 


X 


X 1 



H 
U 

o 
o 
o 

00 




V Instruction Set (cont) 





Operation 
















Operation Code 










No. of 


No. of 
Bytes 






Flags 


Mnemonic Operands 


7 


6 


5 4 


3 


2 


10 7 6 


5 


4 


3 2 


1 


Ciocics 


S 


Z 


H P/V N C 


Block Search Instructions (cont) 


CPD 


A - (HL), 
HL^HL-1, 
BC — BC-1 






1 


1 


1 


1 


1 


110 


1 





1 





1 16 


2 


X 


X 


X X 1 


CPDR 


A - (HL), 
HL — HL-1, 
BC — BC - 1, 
EndifA = (HL)or 


BC = 


= 


1 


1 


1 


1 


1 


1 10 


1 


1 


1 





1 21/16(2) 


2 


X 


X 


X X 1 


Eight-Bit Arithmetic Operation Instructions 



ADD 


A,r 


A — A + r 




1 








r 












4 


1 


X 


X 


X 


V 





X 




A, byte 


A-^A + byte 












1 













7 


2 


X 


X 


X 


V 





X 




A, (HL) 


A*-A+(HL) 




1 








1 













7 


1 


X 


X 


X 


V 





X 




A,(IX+d) 


A*-A + (IX + disp) 









1 1 





1 








1 


1 


19 


3 


X 


X 


X 


V 





X 








disp 


















A,(IY+d) 


A — A + (IY + disp) 






1 


1 1 





1 








1 


1 


19 


3 


X 


X 


X 


V 





X 








disp 
















ADC 


A, r 


A*-A + r+CY 









1 


r 












4 


1 


X 


X 


X 


V 





X 




A, byte 


A*-A + byte + CY 









1 


1 













7 


2 


X 


X 


X 


V 





X 




A, (HL) 


A — A + (HL) + CY 




1 





1 


1 













7 


1 


X 


X 


X 


V 





X 




A,(IX+d) 


A — A + (IX + disp) + 


CY 







1 1 





1 








1 1 


1 


19 


3 


X 


X 


X 


V 





X 








disp 


















A, (lY+d) 


A — A + (IY + disp) + 


CY 




1 


1 1 





1 








1 1 


1 


19 


3 


X 


X 


X 


V 





X 








disp 
















SUB 


A, r 


A*-A- r 









1 


r 












4 


1 


X 


X 


X 


V 


1 


X 




A, byte 


A*-A-byte 









1 


1 













7 


2 


X 


X 


X 


V 


1 


X 




A, (HL) 


A — A-(HL) 









1 


1 













7 


1 


X 


X 


X 


V 


1 


X 




A,(IX+d) 


A — A - (IX + disp) 









1 1 





1 








1 1 


1 


19 


3 


X 


X 


X 


V 


1 


X 



disp 



A, (lY+d) A — A-(IY+disp) 1111110110010110 19 

disp 



X X X V 1 X 



■0 
D 

O 

o 
o 

09 



S 
^ 



■isiructron seiiconi) 

















Operation Code 














No. of 
Clocits 


No. of 
Bytes 






Flags 




Mnemonic Operands Operation 


7 


6 


5 


4 


3 


2 


10 7 6 


5 


4 


3 


2 


1 





S 


Z 


H P/V N 


C 


Elgitt-Bit Aritlimetic Operation Instructions (cent) 



SBC 


A, r 


A^A-r-CY 




1 





1 1 


r 








4 


1 


X 


X 


X 


V 


1 


X 






A, byte 


A^A-byte-CY 




1 1 





1 1 


1 











7 


2 


X 


X 


X 


V 


1 


X 




A, (HL) 


A^A-(HL)-CY 




1 





1 1 


1 











7 


1 


X 


X 


X 


V 


1 


X 




A, (IX+d) 


A *- A - {IX + disp) - 


CY 


1 1 





1 1 





1 





1 1 1 


1 


19 


3 


X 


X 


X 


V 


1 


X 








disp 
















A,(IY+d) 


A*-A-(IY + disp)- 


CY 


1 1 


1 


1 1 





1 





1 1 1 


1 


19 


3 


X 


X 


X 


V 


1 


X 








dIsp 














Elgtit-BIt Logical Operation Instructions 


AND 


A, r 


A^AANDr 




1 


1 





r 










4 


1 


X 


X 


1 


P 










A, byte 


A^AANDbyte 






1 





1 











7 


2 


X 


X 


1 


P 










A, (HL) 


A^AAND(HL) 




1 


1 





1 











7 


1 


X 


X 


1 


P 










A, (IX+d) 


A^AAND(IX+disp) 


-CY 







1 1 





1 


1 


1 


1 


19 


3 


X 


X 


1 


P 














dIsp 
















A,(IY+d) 


A^AAND(IY+disp) 






1 


1 1 





1 


1 


1 


1 


19 


3 


X 


X 


1 


P 














dIsp 














OR 


A, r 


A^AORr 






1 


1 


r 










4 


1 


X 


X 





P 










A, byte 


A — A OR byte 






1 


1 


1 











7 


2 


X 


X 





P 










A, (HL) 


A — AOR(HL) 




1 


1 


1 


1 











7 


1 


X 


X 





P 










A, (IX+d) 


A^AOR(IX+disp) 









1 1 





1 


1 


1 1 


1 


19 


3 


X 


X 





P 














dIsp 
















A,(IY+d) 


A — AOR(IYJ+disp) 






1 


1 1 





1 


1 


1 1 


1 


19 


3 


X 


X 





P 














dIsp 














XOR 


A, r 


A — AXORr 




1 


1 


1 


r 










4 


1 


X 


X 





P 










A, byte 


A^AXORbyte 






1 


1 


1 











7 


2 


X 


X 





P 










A, (HL) 


A^AXOR(HL) 






1 


1 


1 











7 


1 


X 


X 





P 










A, (IX +d) 


A ^ A XOR (IX + disp) 









1 1 





1 


1 


1 1 


1 


19 


3 


X 


X 





P 









disp 



A, (lY+d) 



A^AXOR{IY+disp) 



1111110110101110 19 
disp 



X X P 



g 
^ 



■o 

O 

o 
o 

00 




^ Instruction Set (eont) 

















Opttrraon Cow 












No. Of 


No. of 
Bytes 






Rags 




Mmmonic Operands Operation 


7 


6 


5 


4 


3 


2 


10 7 6 


5 


4 


3 


2 


1 


Clociu 


S 


z 


H P/V N 


C 


Eight-Bit Logical Operation instructions (cont) 



GP 



A, r 


A-r 


1 





1 


1 1 


r 








4 


1 


X 


X 


X 


V 1 


X 


A, byte 


A -byte 


1 


1 


1 


1 1 


1 1 









7 


2 


X 


X 


X 


V 1 


X 


A, (HL) 


A - (HL) 


1 





1 


1 1 


1 1 









7 


1 


X 


X 


X 


V 1 


X 


A,(IX+d) 


A - (IX + disp) 


1 


1 





1 1 

disp 


1 


1 1 


1 1 


1 1 


19 


3 


X 


X 


X 


V 1 


X 



A, (lY+d) 



A - (lY + disp) 



1111110 11 



11111 



X X X V 1 X 



disp 



Eight-Bit Increment/ Decrement Instructions 



INC 



r^r + 1 



(HL) 


(HL)-(HL)+1 








1 


1 


1 


( 


3 














11 


1 


X 


X 


X 


V 







(IX +d) 


(IX + disp)-- (IX + disp) +1 


1 


1 





1 1 


1 








1 


1 





1 








23 


3 


X 


X 


X 


V 















disp 






















(lY+d) 


(lY + disp) ^ (IX + disp) +1 


1 


1 


1 


1 1 


1 








1 


1 





1 








23 


3 


X 


X 


X 


V 















disp 






















DEC r 


r*-r-1 










r 


1 



















4 


1 


X 


X 


X 


V 


1 




(HL) 


(HL) — (HL)-1 








1 


1 


1 



















11 


1 


X 


X 


X 


V 


1 




(IX +d) 


(IX + disp)*- (IX + disp) -1 


1 


1 





1 1 


1 








1 


1 





1 





1 


23 


3 


X 


X 


X 


V 


1 












disp 






















(lY + d) 


(lY + disp) — (IY+disp)-1 


1 


1 


1 


1 1 


1 








1 


1 





1 





1 


23 


3 


X 


X 


X 


V 


1 












disp 






















Sixteen-Bit Arithmetic Operation 


Instructions 












































ADD HL, rpl 


HL *- HL + rpl 








s 


s 1 






















11 


1 






u 







X 


ADC HL, rp1 


HL — HL+rpI +CY 


1 


1 


1 


1 


1 








1 s 


s 


1 





1 





15 


2 


X 


X 


u 


V 





X 


SBC HL, rp1 


HL — HL-rpI -CY 


1 


1 


1 


1 


1 








1 s 


s 








1 





15 


2 


X 


X 


u 


V 


1 


X 


ADD IX, rp2 


iX — IX + rp2 


1 


1 





1 1 


1 








p 


P 


1 








1 


15 


2 






u 







X 


lY, rp3 


lY — lY + rp3 


1 


1 


1 


1 1 


1 








r 


r 


1 








1 


15 


2 






u 







X 


Sixteen-Bit Increment /Decrement Instructions 


INC rpl 


rpl — rpl + 1 








s 


s 





1 
















6 


1 














IX 


IX — IX+1 


1 


1 





1 1 


1 








1 











1 


1 


10 


2 














lY 


lY — IY+1 


1 


1 


1 


1 1 


1 








1 











1 


1 


10 


2 














DEC rp1 


rp1 — rpl - 1 








s 


s 1 





1 
















6 


1 














IX 


IX — IX - 1 


1 


1 





1 1 


1 








1 





1 





1 


1 


10 


2 














— —- i^— ^ 


lY — lY - 1 


1 


1 


1 


1 1 


1 








1 





1 





1 


1 


10 


2 















n 
o 

o 
o 

o 

00 



g 

^ 



insiruciron ser(cont) 

















Operation Code 














No. of 
Clocks 


No. of 
Bytes 






Flags 




Mnemonic Operands Operation 


7 


6 


5 


4 


3 


2 


10 7 6 


5 


4 


3 


2 


1 





S 


Z 


H P/V N 


C 


Accumulator Operation Instructions 



DAA 


Decimal adjust accumulator 















1 
















4 


1 


X 


X 


X 


P 




X 


CPL 


A — A 














1 




1 


4 1 11 


NEG 


A — A+1 






1 


1 




1 










1 











1 


8 


2 


X 


X 


X 


V 


1 


X 


CCF 


CY*-CY 














1 1 




1 
















4 


1 






u 







X 


SCF 


CY^1 














1 




1 
















4 


1 














1 


Rotate Instructions 




RLCA 




















1 


1 
















4 


1 














X 


RLA 

















1 


1 


1 
















4 


1 














X 


RRCA 

















1 


1 


1 
















4 


1 














X 


RRA 

















1 1 


1 


1 
















4 


1 












X 




RLC r 








1 


1 





1 





1 





















8 


2 


X 


X 





P 





X 


(HL) 








1 


1 





1 





1 






















15 


2 


X 


X 





P 





X 


(IX +d) 








1 


1 





1 1 


1 





1 


1 








1 




1 


23 


4 


X 


X 





P 





X 










disp 




























(lY+d) 


r, (HL), (IX 


+ dlsp), (lY 


+ disp) 


1 


1 


1 


1 1 


1 





1 


1 








1 





1 


23 


4 


X 


X 





P 





X 










disp 




























RL r 








1 


1 





1 





1 











1 









8 


2 


X 


X 





P 





X 


(HL) 








1 


1 





1 





1 











1 










15 


2 


X 


X 





P 





X 


(IX +d) 








1 


1 





1 1 


1 





1 


1 





1 


1 





1 


23 


4 


X 


X 





P 





X 










disp 















1 












(lY+d) 


r, (HL), (IX 


+ disp), (lY 


+ disp) 


1 


1 


1 


1 1 


1 





1 


1 








1 





1 


23 


4 


X 


X 





P 





X 










disp 















1 












RRC r 








1 


1 





1 





1 














1 






8 


2 


X 


X 





P 





X 


(HL) 








1 


1 





1 





1 














1 







15 


2 


X 


X 





P 





X 


(IX + d) 








1 


1 





1 1 


1 





1 


1 








1 





1 


23 


4 


X 


X 





P 





X 










disp 


















1 









(lY+d) 


r, (HL), (IX 


+ disp),(IY 


+ disp) 


1 


1 


1 


1 1 


1 





1 


1 








1 





1 


23 


4 


X 


X 





P 





X 










disp 


















1 










§ 

^ 



■o 

D 
O 

o 
o 

00 




Instruction Set (cont) 





Operation 














Operation Code 














No. of 
Clocks 


No. of 
Bytes 






Flags 




Mnemonic Operands 


7 


6 


5 


4 


3 


2 


1 7 6 


5 


4 


3 


2 


1 





S 


Z 


H PfV N 


C 


Rotate Instructions (cont) 



RR r 


1 


1 


1 





1 


1 








1 








8 


2 


X 


X 





P 





X 


(HL) 


1 


1 


1 





1 


1 








1 




1 


1 


15 


2 


X 


X 





P 





X 


(IX +d) 


1 


1 


1 1 


1 





1 1 


1 













1 1 


23 


4 


X 


X 





P 





X 








disp 















1 




1 


1 




(lY+d) 


r, (HL), (IX + disp), (lY + disp) 1 


1 1 


1 1 


1 





1 1 


1 













1 1 


23 


4 


X 


X 





P 





X 








disp 















1 




1 







RLD 


1 


1 1 


1 


1 





1 


1 


1 







1 


1 


18 


2 


X 


X 





P 







RRD 


1 


1 1 


1 


1 





1 


1 


1 








1 


1 


18 


2 


X 


X 





P 







Shift Instructions 




SLA r 


1 


1 


1 





1 


1 

















8 


2 


X 


X 





P 





X 


(HL) 


1 


1 


1 





1 


1 


















15 


2 


X 


X 





P 





X 


(IX+d) 


1 


1 


1 1 


1 





1 


1 












1 


23 


4 


X 


X 





P 





X 








disp 


























(lY+d) 


r, (HL), (IX + disp), (IY + disp) 1 


1 1 


1 1 


1 





1 


1 












1. 


23 


4 


X 


X 





P 





X 








disp 


























SRA r 


1 


1 


1 





1 



















8 


2 


X 


X 





P 





X 


(HL) 


1 


1 


1 





1 




















15 


2 


X 


X 





P 





X 


(IX+d) 


1 


1 


1 1 


1 





1 


1 











1 


23 


4 


X 


X 





P 





X 








disp 


























(lY+d) 


r, (HL), (IX + disp), (lY + disp) 1 


1 1 


1 1 


1 





1 


1 












1 


23 


4 


X 


X 





P 





X 








disp 


























SRL r 


1 


1 


1 





1 










1 








8 


2 


X 


X 





P 





X 


(HL) 


1 


1 


1 





1 










1 









15 


2 


X 


X 





P 





X 


(IX+d) 


1 


1 


1 1 


1 





1 


1 












1 


23 


4 


X 


X 





P 





X 








disp 














1 











(lY+d) 


r,(HL), (IX + disp), (IY+ disp) 1 


1 1 


1 1 


1 





1 


1 












1 


23 


4 


X 


X 





P 





X 








disp 














1 












■o 

O 

o 
o 

00 



§ 

^ 



■nsiruciion set (COflt) 





Operation 














Operation Code 














No. of 
Cloci(S 


No. of 
Bytes 






Fiags 




Mnemonic Operands 


7 


6 


5 


4 


3 


2 


10 7 6 


5 


4 


3 


2 


1 





S 


Z 


H P/V N 


C 


Bit Operation Instructions 



BIT bit, r 


Z-rb 


1 1 


1 





1 


1 





1 




b 






8 


2 


U 


X 


U 





bit, (HL) 


Z-(HL)b 


1 1 


1 





1 


1 





1 




b 







12 


2 


U 


X 


U 





bit, (IX + d) 


Z ^ (IX + disp)b 


1 1 


1 1 


1 





1 




1 











1 


20 


4 


U 


X 


u 









disp 











1 




b 









bit, (lY+d) 


Z*-(IY+disp)b 


1 1 1 


1 1 


1 





1 




1 











1 


20 


4 


U 


X 


u 









disp 











1 




b 









SET bit, r 


rb-1 


11 


1 





1 


1 




1 




b 






8 


2 










bit, (HL) 


(HL)b-1 


1 1 


1 





1 


1 




1 




b 







15 


2 










bit(IX+d) 


(IX + disp)b *- 1 


1 1 


1 1 


1 





1 




1 











1 


23 


4 














disp 










1 




b 









bit(IY+d) 


(lY + disp)b *- 1 


1 1 1 


1 1 


1 





1 




1 











1 


23 


4 














disp 










1 




b 









RES bit, r 


Tb^O 


1 1 


1 





1 


1 









b 






8 


2 










bit, (HL) 


(HL)b — 


1 1 


1 





1 


1 









b 







15 


2 










bit(IX+d) 


(IX+disp)b*-0 


1 1 


1 1 


1 





1 




1 











1 


23 


4 














disp 















b 









bit(IY + d) 


(IY+disp)b — 


1 1 1 


1 1 


1 





1 




1 











1 


23 


4 














disp 















b 









Jump Instructions 


JP addr 


PC ^ addr 


1 1 










1 














10 


3 










NZ, addr 


lfZ = 0, PC — addr 


1 1 

























10 


3 










Z, addr 


lfZ = 1, PC — addr 


1 1 


1 






















10 


3 










NC, addr 


lfC = 0, PC — addr 


1 1 


1 






















10 


3 










JP C, addr 


lfC = 1, PC*-addr 


1 1 


1 1 






















10 


3 










PO, addr 


If P = 0, PC — addr 


1 1 1 

























10 


3 










PE, addr 


lfP = 1,PC*-addr 


1 1 1 


1 






















10 


3 










R addr 


If S = 0, PC — addr 


1 1 1 


1 






















10 


3 










M.addr 


lfS = 1, PC — addr 


1 1 1 


1 1 






















10 


3 











g 

^ 



D 

O 
O 

o 

00 



^ Instruction Set (cont) 



(IX) 



CALL 



addr 





Operation 














Operation Code 












No. of 


No. of 
Bytes 






Flags 




Mnemonic Operands 


7 


6 


5 


4 


3 


2 


10 7 6 


5 


4 


3 


2 


1 


Clocks 


S 


Z 


H P/V N 


C 


Jump Instructions (cont) 



JR 


e 


PC — PC+e 








1 


1 











12 


2 




NZ,e 


lfZ = 0, PC*-PC+e 





1 

















12/7(3) 


2 




Z,e 


lfZ = 1,PC*-PC+e 





1 





1 











12/7(3) 


2 




NC,e 


lfC = 0, PC — PC+e 





1 


1 














12/7(3) 


2 




C,e 


lfC = 1, PC — PC+e 





1 


1 


1 











12/7(3) 


2 


JP 


(HL) 


PC — HL 


1 


1 1 





1 








1 


4 " 


1 



PC — IX 



1 1 



1 1 1 



11110 1 



1 



(lY) 


PC — lY 


1 


1 


1 


1 


1 





1 1 


1 








1 8 


2 


DJNZ e 


D ,^ R — 1* 

ifB#0, PC — PC+e 





























8/13(4) 


2 


Call Instructions 



(SP-I)-PCh, 
(SP - 2) — PCl, 
SP — SP-2, 
PC — addr 



1 1 



110 1 



PC, addr If conditions met, (SP - 1) — 

PCh. 

(SP - 2) — PCl, SP — SP - 2, 

PC — addr 



1110 



1 



17 3 



NZ, addr 


If conditions met, (SP - 1) — 1 

PCh. 

(SP - 2) — PCl, SP — SP - 2, 

PC — addr 


10 








17/10(5) 


3 


Z, addr 


If conditions met, (SP-1)— 1 

PCh. 

(SP - 2) — PCl, SP — SP - 2, 

PC — addr 


10 1 








17/10(5) 


3 


NC, addr 


If conditions met, (SP- 1)— 1 

PCh. 

(SP - 2) — PCl, SP — SP - 2, 

PC — addr 


10 10 








17/10(5) 


3 


C, addr 


If conditions met, (SP-1) — 1 

PCh. 

(SP - 2) — PCl, SP — SP - 2, 

PC — addr 


10 11 








17/10(5) 


3 



17/10(5) 3 



■ ••«Kr«l«>I.IWll ^Cli |vunij 



CALL 





Operation 














Operation Code 














No. of 
Clocks 


No. of 
Bytes 






Flags 




Mnemonic Operands 


7 


6 


5 


4 


3 


2 


10 7 6 


5 


4 


3 


2 


1 





S 


z 


H P/V N 


C 


Call Instructions (cont) 



PE, addr If conditions met, (SP - 1) -^ 

PCh. 

(SP- 2) *- PCl, SP — SP - 2, 

PC — addr 



1110 110 



P, addr If conditions met, (SP - 1) *- 

PCh. 

(SP - 2) ^ PCl, SP *- SP 

PC *- addr 



11110 10 



M, addr If conditions met, (SP - 1) -^ 

PCh. 

(SP-2)^PCl,SP*-SP-2, 
PC*- addr 



1111110 



17/10(5) 



17/10(5) 



17/10(5) 



g 
^ 



RST faddr (SP - 1) — PCh, (SP - 2) ^ 

PCl, SP — SP - 2, PCh — 0, 
PCl -faddr 



Return Instructions 



1 1 



1 1 1 



RET 




PCl*-(SP),PCh — 
SP— SP+2 


(SP+1), 1 


1 





1 








1 






10 1 




NZ 


If conditions met, PCl 
PCh — (SP + D.SP- 


-(SP), 1 
-SP + 2 


1 





















11/5(6) 1 




Z 


lf conditions met, PCl 
PCh^(SP+1),SP- 


-(SP), 1 
-SP + 2 


1 





1 















11/5(6) 1 




NC 


If conditions met, PCl 
PCh *- (SP + 1), SP - 


-(SP), 1 
-SP+2 


1 


1 


















11/5(6) 1 




C 


If conditions met, PCl 
PCh — (SP+1),SP- 


-(SP), 1 
-SP + 2 


1 


1 


1 















11/5(6) 1 




PC 


lf conditions met, PCl 
PCh — (SP+1), SP^ 


-(SP), 1 
-SP+2 























11/5(6) 1 




PE 


If conditions met, PCl 
PCh — (SP+1),SP- 


-(SP), 1 
-SP+2 







1 















11/5(6) 1 




P 


lfconditionsmet,PCL 
PCh — (SP + 1), SP ' 


-(SP), 1 
— SP+2 




1 


















11/5(6) 1 




M 


If conditions met, PCl 
PCh*-(SP+1),SP- 


-(SP), 1 
-SP+2 




1 


1 















11/5(6) 1 


RETt 




Return from interrupt 









1 


1 





1 


1 


1 


1 14 2 


RETN 




Return from interrupt. 









1 


1 





1 





1 


1 14 2 



nonmaskable 



O 

o 
o 
o 

€0 




Instruction Set (cont) 


















































Operation Code 












No. of 


No. of 
Bytes 




Fiags 




Mnemonic Operands Operation 


7 


6 


5 


4 


3 


2 


10 7 6 


5 


4 


3 


2 


1 


Cioci(S 


S 


Z H P/V N 


C 



Return Instructions (cont) 



IN 


A, byte 


A *- (byte), 1 
A7-A0 *- byte, 
A15-A8 *- byte 


10 11 


1 










11 


2 










r,(C) 


r^(C),A7-Ao^C, 1 
A15-A8 *- B 


110 1 


1 1 


1 


r 







12 


2 


X 


X X 


P 


INI 




{HL)*-(C),B — B-1, 1 
HL*-HL+1,A7-Ao^C, 
A15-A8 — B 


110 1 


1 1 


1 








1 


16 


2 


U 


X U 


U 1 


IND 




(HL) *- (C), B ^ B - 1, 1 
HL*-HL-1,A7-Ao — C, 
A15-A8 ^ B 


110 1 


1 1 


1 





1 


1 


16 


2 


U 


X U 


U 1 


INIR 




(HL)^(C),B — B-1, 1 
HL — HL+1,A7-Ao^C, 
A15-A8 — B, End If B = 


110 1 


1 1 


1 


1 





1 


21/16(7) 


2 


U 


1 U 


U 1 


INDR 




(HL) — (C), B *- B - 1, 1 
HL*-HL-1,A7-Ao^C, 
A15-A8 *- B, End If B = 


110 1 


1 1 


1 


1 


1 


1 


21/16(7) 


2 


u 


1 U 


U 1 


OUT 


byte, A 


(byte)^A,A7-Ao*-byte, 1 
Ai5-A8^ B 


101c 


1 1 










11 


2 










(C),r 


(C)«-r,A7-Ao — C, 1 
Ai5-A8*-B 


110 1 


1 1 


1 


r 







1 12 


2 








OUTI 




(C)^(HL), B^B-1, 1 
HL«-HL+1,A7-Ao^C, 
A15-A8 — B 


110 1 


1 1 


1 








1 


1 16 


2 


u 


X U 


U 1 


OUTD 




(C)^(HL),B^B-1, 1 
HL *- HL - 1, A7-A0 — C, 
A15-A8 *- B 


110 1 


1 1 


1 





1 


1 


1 16 


2 


u 


X U 


U 1 


OUTIR 




(C)^(HL),B — B-1, 1 
HL^HL+1,A7-Ao^C, 
A15-A8 ^ B, End if B = 


110 1 


1 1 


1 


1 





1 


1 21/16(7) 


2 


u 


1 U 


U 1 


OUTDR 




(C)^(HL),B^B-1, 1 


110 1 


1 1 


1 


1 


1 


1 


1 16 


2 


u 


1 U 


U 1 



HL — HL - 1, A7-A0 *- C, 
A15-A8 ^ B, End If B = 



o 
o 
o 



?5 



insiruction set (cont) 





Operation 














Operation Code 






No. of 
Clocks 


No. of 
Bytes 


Flags 




Mnemonic Operands 


7 


6 


5 


4 


3 


2 


1 





7 6 


5 4 3 2 


1 


S Z H P/V N 


C 


CPU Control Instructions 


NOP 


No operation 
































4 


1 






HALT 


Halt 





1 


1 


1 





1 


1 











4 


1 






Dl 


Disable interrupts 
(IFF-0) 


1 


1 


1 


1 








1 


1 








4 


1 






El 


Enable interrupts 
(IFF^I) 


1 


1 


1 


1 


1 





1 


1 








4 


1 






IM 


Set Interrupt mode 


1 


1 


1 





1 


1 





1 


1 


1 


1 


8 


2 






1 


Set interrupt mode 1 


1 


1 


1 





1 


1 





1 


1 


10 1 


1 


8 


2 






2 


Set interrupt mode 2 


1 


1 


1 





1 


1 





1 


1 


111 


1 


8 


2 







Note: 

(1) 21lfBC#0,16ifBC = 

(2) 21lfBC7'0andA^(HL),16ifBC = OorA = (HL) 

(3) 12 if condition is met, 7 if not 

(4) 8 If B = 0, 13 if B # 

(5) 17 if condition is met, 10 if not 

(6) 11 if condition Is met, 5 if not 

(7) 21 if B = 0, 16 if B ?t 



g 
^ 



Tl 
D 

O 
O 

o 

00 



IjPDTOOOeiA 
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//PD70108 (V20™) 

8/16-BIT HIGH-PERFORMANCE 

CMOS MICROPROCESSOR 



Description 

The/iPD70108 (V20) is a CMOS 16-bit microprocessor 
witli internal 16-bit architecture and an 8-bit external 
data bus. TheyuPD701 08 instruction set is a superset of 
the//PD8086/8088; however, mnemonics and execution 
times are different. The/uPD70108 additionally has a 
powerful instruction set including bit processing, 
packed BCDoperations, and high-speed multiplication/ 
division operations. TheyuPD70108 can also execute 
the entire 8080 instruction set and comes with a 
standby mode that significantly reduces power con- 
sumption. It is software-compatible with theAfPD701 16 
16-bit microprocessor. 

Features 

n Minimum instruction execution time: 250 ns 

(at 8 MHz) 
D Maximum addressable memory: 1 Mbyte 
D Abundant memory addressing modes 
D 14 X 16-bit register set 
D 101 instructions 
n Instruction set is a superset of )uPD8086/8088 

instruction set 
D Bit, byte, word, and block operations 
D Bit field operation instructions 
D Packed BCD instructions 
D Multiplication/division instruction execution 

time: 4yus to 6 /us (at 8 MHz) 
□ High-speed block transfer instructions: 

1 Mbyte/s(at8MHz) 

U High-speed calculation of effective addresses: 

2 clock cycles in any addressing mode 
H Maskable (INT) and nonmaskable (NMI) 

interrupt inputs 
H IEEE-796 bus compatible interface 
U 8080 emulation mode 
J CMOS technology 
H Low-power consumption 
1 Low-power standby mode 
H Single power supply 



Ordering 


information 




Part 
Number 


Package Type 


Max Frequency 
of Operation 


/1/PD70108C-5 


40-pin plastic DIP 


5 MHz 


A(PD70108C-8 


40-pin plastic DIP 


8 MHz 


A(PD70108D-5 


40-pin ceramic DIP 


5 MHz 


A(PD70108D-8 


40-pln ceramic DIP 


8 MHz 


A(PD70108D-10 


40-pin ceramic DIP 


10 MHz 


/iPD70108G-5 


52-pin minlflat 


5 MHz 


//PD70108G-8 


52-pln miniflat 


8 MHz 


//PD70108L-5 


44-pin PLCC 


5 MHz 


//PD70108L-8 


44-pin PLCC 


8 MHz 




Pin Configurations 

40-Pin Plastic DIP/Cerdip 
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Pin Configurations (cont) 



44-Pin Plastic Leadless Chip Carrier (PLCC) 



Pin identification 





< 
/ M- 


< 


< 


< 

TUT 


a 

z 

(S 




a 

> 


< 

TUT 


< 
"M" 


1 

< 


< 






' 1 1 

L J 


1 1 

L J 


L J 


1 1 

L J 


L J 


r 1 
1 1 


L J 


1 1 


L -1 


L J 


L J 




Aio 


s:]7« 










1 1 
LJ 


44 








40 _., 


NC 


As. 


t__i 










1 










r -1 


A19/PS3 


A8- 


!,__i 




















^I] 


LBSo [HIGH] 


AO7. 






















r-j 


S/CB 


AD6 


! --1 




















r~; 


1 ^ 


AD5 


T--\ 








AIPD70108 








r -: 


HLDRQ [BS/AKol 


AD4 


r-n 




















1 — ; 


HLDAK (R5/AKi1 


AD3. 


' __i 




















[-J 


. WR[BUSL0CK1 


AD2. 


___, 




















r-: 


. lO/M [BS2] 


AD1 


L-j 




















[Zi 


BUFR/W [BSi] 


ADo 


r 1 




















.„'''^-^ 


BUFEN [BSo] 




r T 


[] 


r T 


r T 


n 
1 I 


n 
1 I 


r T 


r n 


r -\ 
1 1 


r n 








z 


jrt. 

Z 


jri. 


JnL 


JPL 
Q 
Z 
(9 


JfX. 



z 


jnL. 

E 


JTL 


jri- 


jri. 

I 

< 
t- 
z 




a 

< 


83-001 872A 



52-Pin Plastic MInlliat 





1 i 

i IS IS 

1 i 12 p 3 3 

z<!jwIkxzx 

nnnnnnnn 


D ffl ^ |Z 

flC i 3 3 

3s 2 i la z 

nnnnn 




A18/PS2 cz 

Al7/PSlI^ 

A16/PS0 cz 
ADiscz: 

VddCZ 

vddCz: 

GNDCZ: 

GNDCZ 

ICI — 

A14IZ: 

A13[^ 
Al2l^ 
AnCZ 


^52 40 ^ 
1 39 

//PD70108 

13 27 
k 1" 26 / 


Z:D ASTB [QSol 

ZIIlNTAK[QSil 

ZZPOLL 

ZD READY 

^1 RESET 

ZDGND 

Z3 GND 

ZZNC 

Z;]GND 

ZD CLK 

ZDINT 

ZDnmi 
ZZnc 
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Symbol 


Direction 


Function 


IC* 




Internally connected 


A14-A8 


Out 


Address bus, middle bits 


AD7 - ADo 


In/Out 


Address/data bus 


NMI 


In 


Nonmaskable interrupt 
input 


INT 


In 


Maskable interrupt input 


CLK 


In 


Clock input 


GND 




Ground potential 


RESET 


In 


Reset input 


READY 


In 


Ready input 


POLL 


In 


Poll input 


INTAK (QSi) 


Out 


Interrupt acknowledge 
output (queue status bit 1 
output) 


ASTB (QSo) 


Out 


Address strobe output 
(queue status bit output) 


BUFEN (BSo) 


Out 


Buffer enable output (bus 
status bit output) 


BUFR/W (BSi) 


Out 


Buffer read/write output 
(bus status bit 1 output) 


lO/M (BS2) 


Out 


Access is I/O or memory 
(bus status bit 2 output) 


WR (BUSLOCK) 


Out 


Write strobe output (bus 
lock output) 



HLDAK (RQ/AKi) 



Out Holdacknowledgeoutput, 

(In/Out) (bus hold request 
input/acknowledge 
output 1) 



HLDRQ (RQ/AKq) 


In 
(In/Out) 


Hold request input (bus hold 
request input/acknowledge 
output 0) 


RD 


Out 


Read strobe output 


s/Cg 


In 


Small-scale/large-scale 
system input 


LBSo (HIGH) 


Out 


Latched bus status output 
(always high in large-scale 
systems) 


A19/PS3- 
A16/PS0 


Out 


Address bus, high bits or 
processor status output 


Al5 


Out 


Address bus, bit 15 


Vdd 




Power supply 



Notes: * IC should be connected to ground. 

Where pins have different functions in small- and large- 
scale systems, the large-scale system pin symbol and 
function are in parentheses. 

Unused input pins should be tied to ground or Vpo to 
minimize power dissipation and prevent the flow of poten- 
tially harmful currents. 
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Block Diagram 



7 V 



t 



Bus 
Buffer 



A A16/PS0- 
_V Ag — Ai5 



f~T~\ AD0-AD7 



^ 



^ 



t=^ 




Status 
Control 



T-State 
Control 



Bus Hold 
Control 



LSBq 

BUFEN [BSo], BUFR/W [BSi] 

lO/M [BS2I 

AST B [QSq], INTAK [QSi] 

RD, WR [BUSLOCK] 



S/LG 
READY 
RESET 
POLL 



HLDRQ [RQ/AKo] 



Cycle 
Decision 



n: 



Interrupt 
Control 






* 



-»- HLDAK [RQ/AKi] 



NMI 
INT 



Queue 
Control 



Standby 
Control 



Bus 
Control 

Unit 
[BCU] 



^ 



Effective Address 
Generator 



Execution 
Unit 

[EXU] 



yi ^ 



lUicroinstruction 
Storage 



nj) 



29 ) Microinstruction 



Microsequence 
Control 



Instruction Decoder 



Sub Data Bus [16] 



Main Data Bus [16] 



E 
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Pin Functions 

Some pins of the ^fPD70108 have different functions 
according to whether the microprocessor is used in a 
small- or large-scale system. Other pins function the 
same way in either type of system. 

Ai5 - As [Address Bus] 

For small- and large-scale systems. 

The CPU uses these pins to output the middle 8 bits of 
the 20-bit address data. They are three-state outputs 
and become high impedance during hold acknowledge. 

AD7 - ADo [Address/Data Bus] 

For small- and large-scale systems. 

The CPU uses these pins as the time-multiplexed 
address and data bus. When high, an AD bit is a one; 
when low, an AD bit is a zero. This bus contains the 
lower 8 bits of the 20-bit address during T1 of the bus 
cycle and is used as an 8-bit data bus during T2, T3, 
and T4 of the bus cycle. 

Sixteen-bit data I/O is performed in two steps. The low 
byte is sent first, followed by the high byte. The ad- 
dress/data bus is a three-state bus and can be at a high 
or low level during standby mode. The bus will be high 
impedance during hold and interrupt acknowledge. 

NMI [Nonmaskable Interrupt] 

For small- and large-scale systems. 

This pin is used to input nonmaskable interrupt 
requests. NMI cannot be masked by software. This 
input is positive edge triggered and must be held high 
for five clocks to guarantee recognition. Actual inter- 
rupt processing begins, however, after completion of 
the instruction in progress. 

The contents of interrupt vector 2 determine the 
starting address for the interrupt-servicing routine. 
Note that a hold request will be accepted even during 
NMI acknowledge. 

This interrupt will cause the yuPD70108 to exit the 
standby mode. 

INT [Maskable interrupt] 

For small- and large-scale systems. 

This pin is an interrupt request that can be masked by 
software. 

INT is active high level and is sensed during the last 
clock of the instruction. The interrupt will be accepted 
if the interrupt enable flag IE is set. The CPU outputs 
the INTAK signal to inform external devices that the 
interrupt request has been granted. INT must be 
asserted until the interrupt acknowledge is returned. 

If NMI and INT interrupts occur at the same time, NMI 
has higher priority than INT and INT cannot be 



accepted. A hold request will be accepted during INT 
acknowledge. 

This interrupt causes the/wPD701 08 to exit the standby 
mode. 

CLK [Clock] 

For small- and large-scale systems. 

This pin is used for external clock input. 

RESET [Reset] 

For small- and large-scale systems. 

This pin is used for the CPU reset signal. It Is an active 
high level. Input of this signal has priority over all other 
operations. After the reset signal input returns to a low 
level, the CPU begins execution of the program starting 
at address FFFFOH. 

In addition to causing normal CPU start, RESET input 
will cause the //PD70108 to exit the standby mode. 

READY [Ready] 

For small- and large-scale systems. 

When the memory or I/O device being accessed 
cannot complete data read or write within the CPU 
basic access time, it can generate a CPU wait state 
(Tw) by setting this signal to inactive (low level) and 
requesting a read/write cycle delay. 

If the READY signal is active (high level) during either 
the T3 or Tw state, the CPU will not generate a wait 
state. 



POLL [Poll] 

For small- and large-scale systems. 

The CPU checks this input upon execution of the POLL 
instruction. If the input is low, then execution continues. 
If the input is high, the CPU will check the POLL input 
every five clock cycles until the input becomes low 
again. 

The POLL and READY functions are used to syn- 
chronize CPU program execution with the operation of 
external devices. 

RD [Read Strobe] 

For small- and large-scale systems. 

The CPU outputs this strobe signal during data read 
from an I/O device or memory. The lO/M signal is used 
to select between I/O and memory. 

The three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

S/LG [Small/Large] 

For small- and large-scale systems. 

This signal determines the operation mode of the CPU. 
This signal is fixed at either a high or low level. When 
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this signal is a high level, the CPU will operate in small- 
scale system mode, and when low, in the large-scale 
system mode. A small-scale system will have at most 
one bus master such as a DMA controller device on the 
bus. A large-scale system can have more than one bus 
master accessing the bus as well as the CPU. 



INTAK [Interrupt Acknowledge] 

For small-scale systems. 



The CPU generates the INTAK signal low when it 
accepts an INT signal. 

The interrupting device synchronizes with this signal and 
outputs the interrupt vector to the CPU via the data bus 
(AD7-AD0). 

ASTB [Address Strobe] 

For small-scale systems. 

The CPU outputs this strobe signal to latch address 
information at an external latch. 

ASTB is held at a low level during standby mode and 
hold acknowledge. 

BUFEN [Buffer Enable] 

For small-scale systems. 

This is used as the output enable signal for an external 
bidirectional buffer. The CPU generates this signal during 
data transfer operations with external memory or 
I/O devices or during input of an interrupt vector. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

BUFR/W [Buffer Read/Write] 

For small-scale systems. 

The output of this signal determines the direction of 
data transfer with an external bidirectional buffer. A 
high output causes transmission from the CPU to the 
external device; a low signal causes data transfer from 
the external device to the CPU. 

BUFR/W is a three-state output and becomes high 
mpedance during hold acknowledge. 

lO/M [lO/Memory] 

-or small-scale systems. 

The CPU generates this signal to specify either I/O 
iccessor memory access. A high-level output specifies 
1/0 and a low-level signal specifies memory. 

0/M's output is three state and becomes high 
mpedance during hold acknowledge. 



WR [Write Strobe] 

For small-scale systems. 

The CPU generates this strobe signal during data write 
to an I/O device-or memory. Selection of either I/O or 
memory is performed by the lO/M signal. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

HLDAK [Hold Acknowledge] 

For small-scale systems. 

The HLDAK signal is used to indicate that the CPU 
accepts the hold request signal (HLDRQ). When this 
signal is a high level, the address bus, address/data 
bus, and the control lines become high impedance. 

HLDRQ [Hold Request] 

For small-scale systems. 

This input signal is used by external devices to request 
the CPU to release the address bus, address/data bus, 
and the control bus. 

LBSq [Latched Bus Status 0] 

For small-scale systems. 

The CPU uses this signal along with the lO/M" and 
BUFR/W signals to inform an external device what the 
current bus cycle is. 



E 



lO/M 


BUFR/W 


LBSo 


Bus Cycle 











Program fetch 








1 


Memory read 





1 





Memory write 





1 


1 


Passive state 


1 








Interrupt acknowledge 


1 





1 


I/Oread 


1 


1 





I/O write 


1 1 1 Halt 
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A19/PS3 - A16/PS0 [Address Bus/Processor Status] 

For small- and large-scale systems. 

These pins are time multiplexed to operate as an 
address bus and as processor status signals. 

When used as the address bus, these pins are the high 4 
bits of the 20-bit memory address. During I/O access, 
all 4 bits output data 0. 

The processor status signals are provided for both 
memory and I/O use. PS3 is always in the native mode 
and 1 in 8080 emulation mode. The interrupt enable 
flag (IE) is pin on pin PS2. Pins PSi and PSq indicate which 
memory segment is being accessed. 



A,7/PS, 


A,6/PSo 


Segment 








Data segment 1 





1 


Stack segment 


1 





Program segment 


1 1 Data segment 



The output of these pins is three state and becomes 
high impedance during hold acknowledge. 

QSi, QSo [Queue Status] 

For large-scale systems. 

The CPU uses these signals to allow external devices, 
such as the floating-point arithmetic processor chip, 
(//PD72091) to monitor the status of the internal CPU 
instruction queue. 



QS, 


QSo 


Instruction Queue Status 








NOP (queue does not change) 





1 


First byte ot instruction 


1 





Flush queue 


1 1 Subsequent bytes of instruction 



The instruction queue status indicated by these signals 
is the status when the execution unit (EXU) accesses 
the instruction queue. The data output from these pins 
is therefore valid only for one clock cycle immediately 
following queue access. These status signals are 
provided so that the floating-point processor chip can 
monitor the CPU's program execution status and 
synchronize its operation with the CPU when control is 
passed to it by the FPO (Floating Point Operation) 
instructions. 

BS2 - BSo [Bus Status] 

For large-scale systems. 

The CPU uses these status signals to allow an external 
bus controller to monitor what the current bus cycle is. 

The external bus controller decodes these signals and 
generates the control signals required to perform 
access of the memory or I/O device. 



BS2 


BS, 


BSo 


Bus Cycle 











Interrupt acknowledge 








1 


I/O read 





1 





I/O write 





1 


1 


Halt 


1 








Program fetch 


1 





1 


Memory read 


1 


1 





Memory write 


1 1 1 Passive state 



The output of these signals is three state and becomes 
high impedance during hold acknowledge. 

BUSLOCK [Bus Lock] 

For large-scale systems. 

The CPU uses this signal to secure the bus while 
executing the instruction immediately following the 
BUSLOCK prefix instruction, or during an interrupt 
acknowledge cycle. It is a status signal to the other bus 
masters in a multiprocessor system, inhibiting them 
from using the system bus during this time. 

The output of this signal is three state an d becomes 
high impedance during hold acknowledge. BUSLOCK 
is high during s tandby mo de except if the HALT 
instruction has a BUSLOCK prefix. 

RQ/AK1, RQ/AKo [Hold Request/ Acknowledge] 

For large-scale systems. 

These pins function as bus hold request inputs (RQ) 
and as bus hold acknowledge outputs (AK). RQ/AKq 
has a higher priority than RQ/AK1. 

These pins have three-state outputs with on-chip pull- 
up resistors which keep the pin at a high level when the 
output is high impedance. 

Vdd [Power Supply] 

For small- and large-scale systems. 

This pin is used for the +5 V power supply. 

GND [Ground] 

For small- and large-scale systems. 

This pin is used for ground. 

IC [Internally Connected] 

This pin is used for tests performed at the factory by ' 
NEC. The /uPD70108 is used with this pin at grounc 
potential. 
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Absolute Maximum Ratings 

Ta = +25°C 


Power supply voltage, Vqd 


-0.5 V to +7.0 V 


Power dissipation, PDmax 


0.5 W 


Input voltage, V| 


-0.5VtoVoD + 0.3V 


CLK input voltage, Vk 


-0.5VtoVDD + 1.0V 


Output voltage, Vq 


-0.5 V to Vqd + 0.3 V 


Operating temperature, Tqpt 


-40 "C to +85 °C 


Storage temperature, Tstg 


-65°Cto+150°C 



Capacitance 

Ta = +25°C, Vdd = OV 



Limits 



Parameter 



Symbol Min Max Unit 



Test 
Conditions 



Input capacitance 



15 



PF 



I/O capacitance C|o 



fc = 1 MHz 
Unmeasured pins 



15 pF returned to OV 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Ciiaracteristics 

/UPD70108-5, Ta = -40 °C to +85 °C, Vdd = +5 V ± 10% 

/;PD701 08-8, //PD701 08-10, Ta = -10°C to +70°C, Vqd = +5 V ± 5% 



Supply current 



70108-5 



30 



60 



mA 



I DO 



70108-10 
10 MHz 



60 



100 



mA 



mA 



E 





Symbol 




Limits 




Unit 


Test 


Parameter 


IMin 


Typ 


Max 


Conditions 


Input voltage high 


V|H 


2.2 




Vdd +0.3 


V 




Input voltage low 


V|L 


-0.5 




0.8 


V 




CLK input voltage high 


Vkh 


3.9 




Vdd + 1.0 


V 




CLK input voltage low 


Vkl 


-0.5 




0.6 


V 




Output voltage high 


VOH 


0.7 X Vdd 






V 


IOH = -400/.(A 


Output voltage low 


Vol 






0.4 


V 


l0L= 2.5 mA 


Input leakage current high 


Ilih 






10 


/^A 


V| = Vdd 


Input leakage current low 


Ilil . 






-10 


)"A 


V| = OV 


Output leakage current high 


'loh 






10 


//A 


Vo = Vdd 


Output leakage current low 


Ilol 






-10 


M 


Vo = OV 



Normal operation 



5 MHz 


5 


10 


mA 


Standby mode 


70108-8 


45 


80 


mA 


Normal operation 


8 MHz 


6 


12 


mA 


Standby mode 



Normal operation 



Standby mode 
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AC Characteristics 

//PD70108-5, Ta = -40 °C to +85 
/iPD70108-8, /uPD70108-10,Ta = " 



'C,Vdd = +5V±10% 

■10°C to +70 °C, Vdd = +5 V ± 5% 



Parameter 


Symbol 


//PD70108-5 
Min Max 


//PD70108-8 
Min Max 


iuPD701 08-10 
Min Max 


Unit 


Conditions 


Small/Large Scale 


Clock cycle 


tCYK 


200 


500 


125 


500 


100 


500 


ns 




Clock pulse width high 


tKKH 


69 




44 




41 




ns 


VkH = 3.0V 


Clock pulse width low 


tKKL 


90 




60 




49 




ns 


Vkl = 1.5V 


Clock rise time 


tKR 




10 




8 




5 


ns 


1.5 V to 3.0 V 


Clock fall time 


tKF 




10 




7 




5 


ns 


3.0 V to 1.5 V 


READY inactive setup to CLKi 


tSRYLK 


-8 




-8 




-10 




ns 




READY inactive hold after CLKt 


tHKRYH 


30 




20 




20 




ns 




READY active setup to CLKt 


tSRYHK 


tKKL - 8 




tKKL - 8 




tKKL -10 




ns 




READY active hold after CLKt 


tHKRYL 


30 




20 




20 




ns 




Data setup time to CLK 1 


tSDK 


30 




20 




10 




ns 




Data hold time after CLK i 


tHKD 


10 




10 




10 




ns 




NMI, INT, POLL setup time 
to CLKt 


tSIK 


30 




15 




15 




ns 




Input rise time (except CLK) 


t|R 




20 




20 




20 


ns 


0.8 V to 2.2 V 


Input fall time (except CLK) 


t|F 




12 




12 




12 


ns 


2.2 V to 0.8 V 


Output rise time 


fQR 




20 




20 




20 


ns 


0.8 V to 2.2 V 


Output fall time 


tOF 




12 




12 




12 


ns 


2.2 V to 0.8 V 


Small Scale 



Address delay time from CLK 


tOKA 


10 


90 


10 


60 


10 


48 


ns 


Address hold time from CLK 


tHKA 


10 




10 




10 




ns 


PS delay time from CLK i 


tOKP 


10 


90 


10 


60 


10 


50 


ns 


PS float delay time from CLK t 


Ifkp 


10 


80 


10 


60 


10 


50 


ns 


Address setup time to ASTB 1 


tSAST 


tKKL-60 




tKKL -30 




tKKL - 30 




ns 


Address float delay time from 
CLK I 


tFKA 


tHKA 


80 


tHKA 


60 


tHKA 


50 


ns 


ASTB t delay time from CLK i 


Idksth 




80 




50 




40 


ns 


ASTB i delay time from CLK t 


tOKSTL 




85 




55 




45 


ns 


ASTB width high 


tSTST 


IkKL - 20 




tKKL -10 




tKKL - 10 




ns 



Cl = 100 pF 



Address hold time from ASTB i tHSTA Ikkh - 10 



tKKH - 10 



tKKH -10 
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AC Characteristics (cont) 

//PD70108-5, Ta = -40''C to +85°C, VpD = +5 V ± 10% 
A/PD70108-8, JUPD70108-10, Ta = -ICC to +70''C, Vqd = +5 V ± 5% 



Parameter 


Symbol 


/iPD70108-5 
Min Max 


/iPD70108-8 
Min Max 


/JPD701 08-10 
Min Max 


Unit 


Conditions 


Small Scale (cont) 



Control delay time from CLK tpKCT 10 110 10 65 10 55 ns 

Address float to RDI tApRL ns 

RD i delay time from CLK i toKRL 10 165 10 80 10 70 ns 

RD t delay time from CLK I tpKRH 10 150 10 80 10 60 ns 

Address delay time from RD t t^RHA tcYK-45 tcYK~40 tcYK-35 ns 

RD width low tRR 2tcYK-75 2tcYK-50 2tcYK-40 ns Cl = 100 pF 

Data output delay time from toKD 10 90 10 60 10 50 ns 
CLKi 

Data float delay time from tpKo 10 80 10 60 10 50 ns 
CLK I 

WR width low tww 2tcYK-60 2tcYK-40 2tcYK-35 ns 

HLDRQ setup time to CLK t tsHQK 35 20 20 ns 

HLDAK delay time from CLK i tpKHA 10 160 10 100 10 60 ns 

Large Scale 

Address delay time from CLK toKA 10 90 10 60 10 48 ns 

Address hold time from CLK tHKA 10 10 10 ns 

PS delay time from CLK i toKP 10 90 10 60 10 50 ns 

PS float delay time from CLK t tpKP 10 80 10 60 10 50 ns 

Address float delay time from tpKA ^hka 80 tHKA 60 Ihka 50 ns 
CLKi 

Address delay time from RD t Iorha fcYK~45 tcYK~40 tcYK~35 ns 

ASTB delay time from BS i toBST 15 15 15 ns 

BS i delay time from CLK t toKBL 10 HO 10 60 10 50 ns 

BS t delay time from CLKi toKBH 10 130 10 65 10 50 ns 

RD i delay time from address Iqafrl ns Cl = 100 pF 
float 

RD i delay time from CLK i toKRL 10 165 10 80 10 70 ns 

RD t delay time from CLK i tpKRH 10 150 10 80 10 60 ns 

RD width low tpR 2tcYK-75 2tcYK-50 2tcYK"-40 ns 

Date output delay time from tpKO 10 90 10 60 10 50 ns 
CLKi 

Data float delay time from tpKo 10 80 10 60 10 50 ns 

clk! 

AK delay time from CLKi tpKAK 70 50 40 ns 

,RQ setup time to CLK t tsRQK 20 10 9 ns 

RQ hold time after CLK t tHKRQ 40 30 20 ns 



E 
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Timing Waveforms 



AC Test Input Waveform [Except CLK] 

2.2V 2.2V 

^ Test Points <^ 
0.8V 0.8V 



2.4V ■ 
0.4V. 



)^ Test Points ^(^ 

AC Output Test Points 

2.2V 2.2V 

)[^ Test Points <^ j( 



Clock Timing 



^-^jr^^ 



Wait [Ready] Timing 



^. 



/ 



HKRYL 



POLL, NIMI, INT Input Timing 



BUSLOCK Output Timing 



^. 



Jr 



3-40 



SEC 



/iPD70108(V20) 



Timing Waveforms (cont) 



Read Timing [Smail Scaie] 

,T4 T1 



DM J^ 



T3 T4 




■^. 



/ 






X 



X 



;e 



Write Timing [Smali Scaie] 

T4 T1 



T3 T4 




Address jf Program Status 



AD, - AD„ 



u 



^> 



J — % 
J 



% 



Data Output 



^. 



H)E 



)C 



r 






\. 



f 



m~yi 



X 



X 



E 



Read Timing [Large Scale] 

,T4 




QSi - QSo 



Write Timing [Large Scale] 



wptZIX^iiE 



)( Program Status >- 



A 



•*~^DKD 

'hka 



Data Output 



ASTB 
(71088 
Output) 



.A^ 



X 



)E 



J~ 



1 - BSo \ Bus Status / 

-oZZ)CZZ)CIZ)(IZXZIX 



X 
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Timing Waveforms (cont) 



Interrupt Acknowledge Timing 




r^ 



A. 



'y 



.AA. 



/ 



^. / 



\ 



^. 



y 



' : Large Scale Mode Only 



y 



■\ A 



Hold Request/ Acknowledge Timing [Small Scale] 



J 



1or2 



^. 



/ 



■^. 



X 



External Master 



• : A,yPS3 - A,b/PS„, A,5 - A,, AD^ - AD„, RD, LBS,, lO/M, BUFR/W, WR BUFEN 
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Timing Waveforms (cont) 



Bus Request/Acknowledge Timing [Large Scale] 




A,5/PS3 - A,5/PS„, A,5 - A,, AD, - AD||, BSj - BS„, RD, BUSLOCK 
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Register Configuration 

Program Counter [PC] 

The program counter is a 16-bit binary counter that 
contains the segment offset address of the next 
instruction which the EXU is to execute. 

The PC increments each time the microprogram fetches 
an instruction from the instruction queue. A new 
location value is loaded into the PC each time a branch, 
call, return, or break instruction is executed. At this 
time, the contents of the PC are the same as the 
Prefetch Pointer (PFP). 

Prefetch Pointer [PFP] 

The prefetch pointer (PFP) is a 16-bit binary counter 
which contains a segment offset which is used to 
calculate a program memory address that the bus 
control unit (BCU) uses to prefetch the next byte for 
the instruction queue. The contents of PFP are an 
offset from the PS (Program Segment) register. 

The PFP is incremented each time the BCU prefetches 
an instruction from the program memory. A new 
location will be loaded intothe PFP whenevera branch, 
call, return, or break instruction is executed. At that 
time the contents of the PFP will be the same as those 
of the PC (Program Counter). 

Segment Registers [PS, SS, DSq, and DSi] 

The memory addresses accessed by the//PD701 08 are 
divided into 64K-byte logical segments. The starting 
(base) address of each segment is specified by a 1 6-bit 
segment register, and the offset from this starting 
address is specified by the contents of another register 
or by the effective address. 

These are the four types of segment registers used. 



Segment Register 


Default Offset 


PS (Program Segment) 


PFP 


SS (Stack Segment) 


SP, effective address 


DSq (Data Segment 0) 


IX, effective address 


DS-i (Data Segment 1) 


lY 



General-Purpose Registers [AW, BW, CW, and DW] 

There are four 16-bit general-purpose registers. Each 
one can be used as one 16-bit register or as two 8-bit 
registers by dividing them into their high and low bytes 
(AH, AL, BH, BL, CH, CL, DH, DL). 

Each register is also used as a default register for 
processing specific instructions. The default assign- 
ments are: 

AW: Word multiplication/division, word I/O, data 
conversion 



AL: Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH: Byte multiplication/division 

BW: Translation 

CW: Loop control branch, repeat prefix 

CL: Shift instructions, rototation instructions, 
BCD operations 

DW: Word multiplication/division, indirect 
addressing I/O 

Pointers [SP, BP] and Index Registers [IX, lY] 

These registers serve as base pointers or index registers 
when accessing the memory using based addressing, 
indexed addressing, or based indexed addressing. 

These registers can also be used for data transfer and 
arithmetic and logical operations in the same manner 
as the general-purpose registers. They cannot be used 
as 8-bit registers. 

Also, each of these registers acts as a default register 
for specific operations. The default assignments are: 

SP: Stack operations 

IX: Block transfer (source), BCD string operations 

lY: Block transfer (destination), BCD string operations 

Program Status Word [PSW] 

The program status word consists of the following six 
status and four control flags. 



Control Flags 

• MD (Mode) 

• DIR (Direction) 

• IE (Interrupt Enable) 

• BRK (Break) 



Status Flags 

• V (Overflow) 

• S (Sign) 

• Z (Zero) 

• AC (Auxiliary Carry) 

• P (Parity) 

• CY (Carry) 

When the PSW is pushed on the stack, the word images 
of the various flags are as shown here. 

PSW 



15 


14 


13 


12 


11 


10 987654321 


1 


M 
D 


1 


1 


1 


V 


D IBSZOAOP 
1 E R C 
R K 


1 c 
Y 



The status flags are set and reset depending upon the 
result of each type of instruction executed. 

Instructions are provided to set, reset, and complemen 
the CYflag directly. 

Other instructions set and reset the control flags anc 
control the operation of the CPU. 
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High-Speed Execution of Instructions 

This section highlights the major architectural features 
that enhance the performance of the//PD70108. 

• Dual data bus in EXU 

• Effective address generator 

• 16/32-bit temporary registers/shifters (TA, TB) 

• 16-bit loop counter 

• PC and PFP 

Dual Data Bus Method 

To reduce the number of processing steps for in- 
struction execution, the dual data bus method has 
been adopted for the //PD70108 (figure 1). The two 
data buses (the main data bus and the subdata bus) are 
both 1 6 bits wide. For addition/subtraction and logical 
and comparison operations, processing time has been 
speeded up some 30% over single-bus systems. 

Figure 1. Dual Data Buses 




t-^ 




Main data bus 

83-00O1O3A 



Example 

ADD 



AW, BW ; AW — AW + BW 



Single Bus Dual Bus 

Step 1 TA ^ AW TA *- AW, TB *- BW 

Step 2 TB ^ BW AW ^ TA + TB 

Step 3 AW ^ TA + TB 

Effective Address Generator 

This circuit (figure 2) performs high-speed processing to 
calculate effective addresses for accessing memory. 

Calculating an effective address by the microprogram- 
ming method normally requires 5 to 12 clock cycles. 
This circuit requires only two clock cycles for 
addresses to be generated for any addressing mode. 
Thus, processing is several times faster. 

Figure 2. Effective Address Generator 



m 





First and second byte of instruction 






mod r/m 






1 ' 






EA Generator 






Effective address 


83-000 104 A 



16/32-Bit Temporary Registers/Shifters [TA, TB] 

These 16-bit temporary registers/shifters (TA, TB) 
are provided for multiplication/division and shift/ 
rotation instructions. 

These circuits have decreased the execution time of 
multiplication/division instructions. In fact, these 
instructions can be executed about four times faster 
than with the microprogramming method. 

TA + TB: 32-bit temporary register/shifter for multi- 
plication and division instructions. 

TB: 16-bit temporary register/shifter for shift/rotation 
instructions. 
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Loop Counter [LC] 

This counter is used to count tiie number of loops for a 
primitive block transfer instruction controlled by a 
repeat prefix instruction and the number of shifts that 
will be performed for a multiple bit shift/ rotation in- 
struction. 

The processing performed fora multiple bit rotation of 
a register is shown below. The average speed is 
approximatelydoubledoverthe microprogram method. 

Example 

RORC AW, CL ;CL = 5 

Microprogram method LC method 

8 +(4x5) = 28 clocks 7 + 5 = 12 clocks 

Program Counter and Prefetch Pointer [PC and PFP] 

The/KPD70108 microprocessor has a program counter, 
(PC) which addresses the program memory location of 
the instruction to be executed next, and a prefetch 
pointer(PFP), which addresses the program memory 
location to be accessed next. Both functions are 
provided in hardware. A time saving of several clocks 
is realized for branch, call, return, and break instruction 
execution, compared with microprocessors that have 
only one instruction pointer. 

Enhanced Instructions 

In addition to the /1PD8O88/86 instructions, the 
/[/PD70108 has the following enhanced instructions. 



Instruction 


Function 


PUSH imm 


Pushes immediate data onto stack 


PUSHR 


Pushes 8 general registers onto stack 


POPR 


Pops 8 general registers from stack 


MULItnm 


Executes 16-bit multiply of register or memory contents 
by immediate data 



SHL immS 
SHR immS 
SHRA ImmS 
ROL immS 
ROR immS 
ROLC imm8 
RORC immS 



Shifts/rotates register or memory by immediate 
value 



CHKIND 



Checks array index against designated boundaries 



INM 



Moves a string from an I/O port to memory 



OUTM 



IVIoves a string from memory to an I/O port 



PREPARE Allocatesan area for a stack frame and copies previous 

frame pointers 



DISPOSE 



Frees the current stack frame on a procedure exit 



Enhanced Stack Operation Instructions 

PUSH imm 

This instruction allows immediate data to be pushed 
onto the stack. 

PUSH R/POP R 

These instructions allow the contents of the eight 
general registers to be pushed onto or popped from 
the stack with a single instruction. 

Enlianced IVlultiplication Instructions 

IVIUL reg16, imm16/iy/IUL mem16, imm16 

These instructions allow the contents of a register or 
memory location to be 16-bit multiplied by immediate 
data. 

Enhanced Shift and Rotate Instructions 

SHL reg, imm8/SHR reg, immS/SHRA reg, immS 

These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 

ROL reg, immS/ROR reg, immS/ROLC reg, immS/ 
RORC reg, immS 

These instructions allow the contents of a register to be 
rotated by the number of bits defined by the immediate 
data. 

Checi( Array Boundary Instruction 

CHKIND regie, mem32 

This instruction is used to verify that index values 
pointing to the elements of an array data structure are 
within the defined range. The lower limit of the array 
should be in memory location mem32, the upper limit 
in mem32 + 2. If the index value in reg16 is not between 
these limits when CHKIND is executed, a BRK 5 will 
occur. This causes a jump to the location in interrupt 
vector 5. 

Block I/O Instructions 

OUTM DW, src-block/INIVI dst-block, DW 

These instructions are used to output or input a string 
to or from memory, when preceded by a repeat prefix. 

Stack Frame Instructions 

PREPARE imm16, immS 

This instruction is used to generate the stack frames 
required by block-structured languages, such as 
PASCAL and Ada. The stack frame consists of two 
areas. One area has a pointer that points to another 
frame which has variables that the current frame can 
access. The other is a local variable area for the current 
procedure. 
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DISPOSE 

This instruction releases the last stack frame generated 
by the PREPARE instruction. It returns the stack and 
base pointers to the values they had before the 
PREPARE instruction was used to call a procedure. 

Unique Instructions 

In addition to the //PD8088/86 instructions and the 
enhanced instructions, the//PD701 08 has the following 
unique instructions. 



Instruction 


Function 


INS 


Insert bit field 


EXT 


Extract bit field 


ADD4S 


Adds packed decimal strings 


SUB4S 


Subtracts one packed decimal string from another 


CMP4S 


Compares two packed decimal strings 


R0L4 


Rotates one BCD digit left through AL lower 4 bits 


R0R4 


Rotates one BCD digit right through AL lower 4 bits 


TEST1 


Tests a specified bit and sets/resets Z flag 


N0T1 


Inverts a specified bit 


CLR1 


Clears a specified bit 


SET1 


Sets a specified bit 


REPC 


Repeats next instruction until CY flag is cleared 


REPNC 


Repeats next instruction until CY flag is set 


FP02 


Additional floating point processor call 



Variable Length Bit Fieid Operation Instructions 

This category has two instructions: INS (Insert Bit 
Field) and EXT (Extract Bit Field). These instructions 
are highly effective for computer graphics and high- 
level languages. They can, for example, be used for 
data structures such as packed arrays and record type 
data used in PASCAL. 

INS regS, regS/INS regS, imm4 

This instruction (figure 3) transfers low bits from the 
16-bit AW register (the number of bits is specified by 
the second operand) to the memory location specified 
by the segment base (DSi register) plus the byte offset 
(lY register). The starting bit position within this byte is 
specified as an offset by the lower 4-bits of the first 
operand. 

After each complete data transfer, the lY register and 
the register specified by the first operand are auto- 
matically updated to point to the next bit field. 

Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16-bits, only the 
lower 4-bits of the specified register (OOH to OFH) will 
be valid. 

Bit field data may overlap the byte boundary of memory. 




Figure 3. Bit Field Insertion 





^ Bit length ^ 


15 







//// 



Byte offset (lY) 



Memory 



Byte boundary 



Segment base (DS1) 
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EXT reg8, reg8/EXT regS, imm4 

This instruction (figure 4) loads to tine AW register tiie 
bit field data whose bit length is specified by the 
second operand of the instruction from the memory 
location that is specified by the DSO segment register 
(segment base), the IX index register (byte offset), and 
the lower 4-bits of the first opel-and (bit offset). 

After the transfer is complete, the IX register and the 
lower 4-bits of the first operand are automatically 
updated to point to the next bit field. 

Either immediate data or a register may be specified for 
the second operand. Because the maximum trans- 
ferrable bit length is 16 bits, however, only the lower 
4-bits of the specified register (OH to OFH) will be valid. 
Bit field data may overlap the byte boundary of memory. 
Packed BCD Operation Instructions 

The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or 
byte-format operands (R0R4, ROL4). Packed BCD 
strings may be from 1 to 254 digits in length. 

When the number of digits is even, the zero and carry 
flags will be set according to the result of the operation. 
When the number of digits is odd, the zero and carry 
flags may not be set correctly in this case, (CL = odd), 
the zero flag will not be set unless the upper 4 bits of the 
highest byte are all zero. The carry flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 

Figure 4. Bit Fieid Extraction 



ADD4S 

This instruction adds the packed BCD string addressed 
by the IX index register to the packed BCD string 
addressed by the lY index register, and stores the 
result in the string addressed by the lY register. The 
length of the string (numberof BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 

BCD string (lY, CL) *- BCD string (lY, CL) + BCD 
string (IX, CL) 

SUB4S 

This instruction subtracts the packed BCD string 
addressed by the IX index register from the packed 
BCD string addressed by the lY register, and stores the 
result in the string addressed by the lY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 

BCD string (lY, CL) *- BCD string (lY, CL) - BCD 
String (IX, CL) 

CMP4S 

This instruction performs the same operation as 
SUB4S except that the result is not stored and only the 
overflow (V), carry flags (CY) and zero flag (Z) are 
affected. 

BCD string (lY, CL) - BCD string (IX, CL) 



Bit length Bit offset 
■< ~ — »"*— »- 



WZA 



Byte offset (IX) 



Byte Boundary 



Segment base (DSO) 



^^^ 
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R0L4 

This instruction (figure 5) treats tlie byte data of the 
register or memory directly specified by the instruction 
byte as BCD data and uses the lower 4-bits of the AL 
register (ALl) to rotate that data one BCD digit to the 
left. 

Figure 5. BCD Rotate Left (R0L4) 
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R0R4 

This instruction (figure 6) treats the byte data of the 
register or memory directly specified by the instruction 
byte as BCD data and uses the lower 4-bits of the AL 
register (ALJ to rotate that data one BCD digit to the 
right. 

Figure 6. BCD Rotate Right (R0R4) 
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3it Manipulation Instructions 

TESTI 

'his instruction tests a specific bit in a register or 
nemory location. If the bit is 1 , the Z flag is reset to 0. If 
he bit is 0, the Z flag is set to 1 . 

IOT1 

his instruction inverts a specific bit in a register or 
lemory location. 

LR1 

his instruction clears a specific bit in a register or 
lemory location. 

ET1 

his instruction sets a specific bit in a register or 
emory location. 

lepeat Prefix Instructions 

lis instruction causes the //PD70108 to repeat the 
Mowing primitive block transfer instruction until the 
r flag becomes cleared or the CW register becomes 
'ro. 



REPNC 

This instruction causes the /uPD70108 to repeat the 
following primitive block transfer instruction until the 
CY flag becomes set or the CW register is decremented 
to zero. 

Floating Point Instruction 

FP02 

This instruction is in addition to the /uPD8088/86 
floating point instruction, FP01. These instructions 
are covered in a later section. 

Mode Operation Instructions 

The //PD70108 has two operating modes (figure 7). 
One is the native mode which executes //PD8088/86, 
enhanced and unique instructions. The other is the 
8080 emulation mode in which the instruction set of the 
//PD8080AF is emulated. A mode flag (MD) is provided 
to select between these two modes. Native mode is 
selected when MD is 1 and emulation mode when MD is 
0. MD is set and reset, directly and indirectly, by 
executing the mode manipulation instructions. 

Two instructions are provided to switch operation from 
the native mode to the emulation mode and back: 
BRKEM (Break for Emulation), and RETEM (Return 
from Emulation). 

Two instructions are used to switch from the emulation 
mode to the native mode and back: CALLN (Call Native 
Routine), and RETI (Return from Interrupt). 

The system will return from the 8080 emulation mode 
to the native mode when the RESET signal is present, 
or when an external interrupt (NMI or INT) is present. 

Figure 7. V20 Ixodes 
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BRKEM imm8 

This is the basic instruction used to start tiie 8080 
emulation mode. Tliis instruction operates exactly the 
same as the BRK instruction, except that BRKEM 
resets the mode flag (MD) to 0. PSW, PS, and PC are 
saved to the stack. MD is then reset and the interrupt vector 
specified by the operand imm8 of this command is 
loaded into PS and PC. 

The instruction codes of the interrupt processing 
routine jumped to are then fetched. Then the CPU 
executes these codes asyuPD8080AF instructions. 

In 8080 emulation mode, registers and flags of the 
//PD8080AF are performed by the following registers 
and flags of the AfPD70108. 





A<PD8080AF 


//PD70108 


Registers: 


A 


AL 




B 


CH 




C 


CL 




D 


DH 




E 


DL 




H 


BH 




L 


BL 




SP 


BP 




PC 


PC 


Flags: 


C 


CY 




Z 


Z 




S 


S 




P 


P 




AC 


AC 



In the native mode, SP is used for the stacl< pointer. In the 
8080 emulation mode this function is performed by BP. 

This use of independent stacl< pointers allows indepen- 
dent stacl< areas to be secured for each mode and 
keeps the stacl< of one of the modes from being 
destroyed by an erroneous stack operation in the other 
mode. 

The SP, IX, lY and AH registers and the four segment 
registers (PS, SS, DSq, and DSi) used in the native 
mode are not affected by operations in 8080 emulation 
mode. 

in the 8080 emulation mode, the segment register for 
instructions is determined by the PS register (set 
automatically by the interrupt vector) and the segment 
register for data is the DSq register (set by the 
programmer immediately before the 8080 emulation 
mode is entered). 

It is prohibited to nest BRKEM instructions. 



RETEM [no operand] 

When RETEM is executed in 8080 emulation mode 
(interpreted by the CPU as a//PD8080AF instruction), 
the CPU restores PS, PC, and PSW (as it would when 
returning from an interrupt processing routine), and 
returns to the native mode. At the same time, the 
contents of the mode flag (MD) which was saved to the 
stack by the BRKEM instruction, is restored to MD = 1 . 
The CPU is set to the native mode. 

CALLN immS 

This instruction makes it possible to call the native 
mode subroutines from the 8080 emulation mode. To 
return from subroutine to the emulation mode, the 
RETI instruction is used. 

The processing performed when this instruction is 
executed in the 8080 emulation mode (it is interpreted 
by the CPU as //PD8080AF instruction), is similar to 
that performed when a BRK instruction is executed in the 
native mode. The imm8 operand specifies an interrupt 
vector type. The contents of PS, PC, and PSW are 
pushed on the stack and an MD flag value of is saved. 
The mode flag is set to 1 and the interrupt vector 
specified by the operand is loaded into PS and PC. 

RETI [no operand] 

This is a general-purpose instruction used to return 
from interrupt routines entered by the BRK instructior 
or by an external interrupt in the native mode. Wher 
this instruction is executed at the end of a subroutine 
entered by the execution of the CALLN instruction, th( 
operation that restores PS, PC, and PSW is exactly th( 
same as the native mode execution. When PSW i; 
restored, however, the 8080 emulation mode value o 
the mode flag (MD) is restored, the CPU is set ii 
emulation mode, and all subsequent instructions ar 
interpreted and executed asyuPD8080AF instructions 

RETI is also used to return from an interrupt procedur 
initiated by an NMI or INT interrupt in the emulatio 
mode. 

Floating Point Operation Chip 
instructions 

FP01 fp-op, mem/FP02 fp-op, mem , 

These instructions are used for the external floatir; 
point processor. The floating point operation is passe I 
to the floating point processor when the CPU fetch( , 
one of these instructions. From this point the Cpl 
performs only the necessary auxiliary processitjj 
(effective address calculation, generation of physic 
addresses, and start-up of the memory read cycle). ' 
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The floating point processor always monitors tiie 
instructions fetched by the CPU. When it interprets one 
as an instruction to itself, it performs the appropriate 
processing. At this time, the floating point processor 
chip uses either the address alone or both the address 
and read data of the memory read cycle executed by the 
CPU. This difference in the data used depends on 
which of these instructions is executed. 

Note: During the memory read cycle initiated by the CPU for FP01 
or FP02 execution, the CPU does not accept any read data 
on the data bus from memory. Although the CPU generates 
the memory address, the data is used by the floating point 
processor. 

Interrupt Operation 

The interrupts used in the/yPD70108 can be divided 
into two types: interrupts generated by external inter- 
rupt requests and interrupts generated by software 
processing. These are the classifications. 

External Interrupts 

(a) NMI input (nonmaskable) 

(b) INT input (maskable) 

Software Processing 

As the result of instruction execution 

— When a divide error occurs during execution 
of the DIV or DIVU instruction 

— When a memory-boundary-over error is detected 
by the CHKIND instruction 

Conditional break instruction 

— When V = 1 during execution of the BRKV 
instruction 

Jnconditional break instructions 

— 1 -byte break instruction: BRK3 

— 2-byte break instruction: BRK imm8 

-lag processing 

— When stack operations are used to set the 
BRK flag 

1080 Emulation mode instructions 

— BRKEM immS 

— CALLN imm8 

nterrupt Vectors 

tarting addresses for interrupt processing routines 
re either determined automatically by a single location 
f the interrupt vector table or selected each time 
iterrupt processing is entered. 



The interrupt vector table is shown in figure 8. The 
table uses IK bytes of memory addresses OOOH to 
3FFH and can store starting address data for a 
maximum of 256 vectors (4 bytes per vector). 

The corresponding interrupt sources for vectors 
to 5 are predetermined and vectors 6 to 31 are reserved. 
These vectors consequently cannot be used for 
general applications. 

The BRKEM instruction and CALLN instruction (in the 
emulation mode) and the INT input are available for 
general applications for vectors 32 to 255. 

A single interrupt vector is made up of 4 bytes (figure 9). 
The 2 bytes in the low addresses of memory are 
loaded into PC as the offset, and the high 2 bytes are 
loaded into PS as the base address. The bytes are 
combined in reverse order. The lower-order bytes in 
the vector become the most significant bytes in the PC 
and PS, and the higher-order bytes become the least 
significant bytes. 

Figure 8. Interrupt Vector Table 




OOOH 

004H 
008H 
OOCH 
010H 
014H 
01 8H 



Divide Error 

Break Flag 

NMI Input 

BRK 3 Instruction 

BRKV Instruction 

CHKINO Instruction 



— Dedicated 



- • BRK ImmS Instruction 

• BRKEM Instruction 

• INT Input [External) 

• CALLN Instruction 



Figure 9. Interrupt Vector 



Vector 

n 



PS^(003H,002H) 
PC— (001 H, OOOH) 
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Based on this format, the contents of each vector 
should be initialized at the beginning of the program. 

The basic steps to jump to an interrupt processing 
routine are now shown. 

(SP-1,SP-2)*-PSW 

(SP - 3, SP - 4) ^ PS 

(SP - 5, SP - 6) ^ PC 

SP*-SP-6 

lE^O, BRK^O, MD^1 

PS ♦- vector high bytes 

PC ♦- vector low bytes 

Standby Function 

The /WPD70108 has a standby mode to reduce power 
consumption during program wait states. This mode is 
set by the HALT instruction in both the native and the 
emulation mode. 

In the standby mode, the internal clock is supplied only 
to those circuits related to functions required to 
release this mode and bus hold control functions. As a 
result, power consumption can be reduced to 1/10 the 
level of normal operation in either native or emulation 
mode. 

The standby mode is released by inputting a RESET 
signal or an external interrupt (NMI, INT). 

The bus hold function is effective during standby 
mode. The CPU returns to standby mode when the bus 
hold request is removed. 

During standby mode, all control outputs are disabled 
and the addres/data bus will be at either high or low 
levels. 

Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre- 
fetched and is present in the four-byte instruction 
queue. Otherwise, add four clocks for each byte not 
present. 

For instructions that reference memory operands, the 
number on the left side of the slash {/) is for byte 
operands and the number on the right side is for word 
operands. 
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For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 



Symbol 


Meaning 


ace 


Accumulator (AW or AL) 


disp 


Displacement (8 or 16 bits) 


dmem 


Direct memory address 


dst 


Destination operand or address 


ext-disp8 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


farJabel 


Label within a different program 
segment 


tar_4)roc 


Procedure within a different program 
segment 


fp_op 


Floating point instruction operation 


imm 


8- or 16-bit immediate operand 


imm3/4 


3/4-bit immediate bit offset 


imm8 


8-bit immediate operand 


immie 


16-bit immediate operand 


mem 


Memory field (000 to 111); 
8- or 16-bit memory location 


memS 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


memptrie 


Word containing the destination address 
within the current segment 


memptr32 


Double word containing a destination 
address in another segment 


mod 


Mode field (00 to 10) 


nearJabel 


Label within the current segment 


near_proc 


Procedure within the current segment 


offset 


Immediate offset data (16 bits) 


pop_value 


Number of bytes to discard from the stack 


reg 


Register field (000 to 111); 

8- or 16-bit general-purpose register 


reg8 


8-bit general-purpose register 


regie 


16-bit general-purpose register 


regptr 


16-bit register containing a destination 
address within the current segment 


regptrie 


Register containing a destination address 
within the current segment 


seg 


Immediate segment data (16 bits) 


shorUabel 


Label between -128 and +127 bytes Iron- 
the end of the current instruction 
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Symbols 



Symbol 


Meaning 


sr 


Segment register 


src 


Source operand or address 


temp 


Temporary register (8/16/32 bits) 


tmpcy 


Temporary carry flag (1 bit) 


AC 


Auxiliary carry flag 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


AND 


Logical product 


AW 


Accumulator (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


BP 


BP register 


BRK 


Break flag 


BW 


BW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 


:w 


CW register (16 bits) 


:y 


Carry flag 


)H 


DW register (high byte) 


)IR 


Direction flag 


IL 


DW register (low byte) 


ISO 


Data segment register (16 bits) 


iS1 


Data segment 1 register (16 bits) 


w 


DW register (16 bits) 


: Interrupt enable flag 


; Index register (source) (16 bits) 



Symbol 


Meaning 


lY 


Index register (destination) (16 bits) 


MD 


Mode flag 


OR 


Logical sum 


P 


Parity flag 


PC 


Program counter (16 bits) 


PS 


Program segment register (16 bits) 


PSW 


Program status word (16 bits) 


R 


Register set 


S 


Sign extend operand field 
S = No sign extension 
S = 1 Sign extend immediate byte 
operand 


S 


Sign flag 


SP 


Stack pointer (16 bits) 


SS 


Stack segment register (16 bits) 


V 


Overflow flag 


W 


Word/byte field (0 to 1) 


X, XXX, YYY, ZZZ 


Data to identify the instruction code of the 
external floating point arithmetic chip 


XOR 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 


z 


Zero flag 


( ) Values in parentheses are memory contents 


< — 


Transfer direction 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


- 


Division 


% 


Modulo 
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Flag Operations Register Seiection (mod =11) 



Symbol 


Meaning 




(blank) 


No change 







Cleared to 




1 Set to 1 


X 


Set or cleared accord 


ing to result 


u 


Undefined 




R 


Restored to previous state 


Memory Addressing Modes 


mem mod = 00 


mod = 01 


mod = 10 


000 BW + IX 


BW + IX + disp8 


BW + IX + disp16 


001 BW + lY 


BW + lY + disp8 


BW + lY + dispie 


010 BP + IX 


BP + IX + disp8 


BP + IX + disp16 


Oil BP + lY 


BP + IY + dispB 


BP + IY + dispie 


100 IX 


IX + dispS 


IX + dispie 


101 lY 


IY + disp8 


IY + dispie 


110 Direct 


BP + disp8 


BP + dispie 


111 BW 


BW + disp8 


BW + dispie 



reg w = 


W = 1 


000 AL 


AW 


001 CL 


CW 


010 DL 


DW 


Oil BL 


BW 


100 AH 


SP 


101 CH 


BP 


110 DH 


IX 


111 BH 


lY 


Segment Register Seiection 


sr Segment Register 


00 DS1 


01 PS 


10 SS 


11 DSO 



3-54 



NEC 



ArPD70108 (V20) 



Instruction Set 



Mnemonic Operand 



Opcode 
765432 10 76543210 



Clocks Bytes 



Flags 
AC GY V P 



S Z 



Data Transfer Instructions 



MOV 



reg, reg 




1 








1 





1 


w 


1 1 




reg 


reg 


2 


2 


mem, reg 




1 








1 








w 


mod 




reg 


mem 


9/13 


2-4 


reg, mem 




1 








1 





1 


w 


mod 




reg 


mem 


11/15 


2-4 


mem, imm 




1 1 











1 


1 


w 


mod 




reg 


mem 


11/15 


3-6 


reg, imm 




1 


1 


1 


w 




reg 












4 


2-3 


ace, dmem 




1 


1 














w 










10/14 


3 


dmem, ace 




1 


1 











1 


w 










9/13 


3 


sr, regie 




1 








1 




1 





1 1 





sr 


reg 


2 


2 


sr, memie 




1 








1 




1 





mod 





sr 


mem 


11/15 


2-4 


regie, sr 




1 








1 










1 1 





sr 


reg 


2 


2 


memie, sr 




1 








1 










mod 





sr 


mem 


10/14 


2-4 


DSO, regie, mem32 


1 1 
















1 


mod 




reg 


mem 


18/2e 


2-4 


DS1, regie. 


mem32 


1 1 



















mod 




reg 


mem 


18/20 


2-4 


AH, PSW 




1 





1 


1 




1 


1 










2 


1 






PSW, AH 










1 


1 




1 











3 


1 


XX XXX 


LDEA 


regie, memlO 













1 







1 


mod 


reg 


mem 


4 


2-4 




TRANS 


src_table 




1 





1 







1 


1 








9 


1 




XCH 


reg, reg 


















1 


w 


1 1 


reg 


reg 


3 


2 






mem, reg 


















1 


w 


mod 


reg 


mem 


16/26 


2-4 






AW, regie 










1 







reg 










3 


1 




Repeat Prefixes 


^EPC 







1 


1 








1 





1 








2 


1 




^EPNC 







1 


1 








1 














2 


1 




?EP 

iEPE 

!EPZ 




1 


1 


1 


1 








1 


1 








2 


1 




lEPNE 
lEPNZ 




1 


1 


1 


1 








1 











2 


1 




llock Transfer Instructions 


lOVBK 


dst, src 















1 





w 








11-l-8n 






IVIPBK 


dst, src 















1 


1 


w 








7 + 14n 




X X X X X X 


IVIPIV! 


dst 












1 


1 


1 


w 








7-l-10n 




X X X X X X 


iDM 


src 












1 


1 





w 








7 + 9n 






rivi 


dst 












1 





1 


w 








7 + 4n 


























n = 


number of transfers 








Instructions 




ace, immS 


1 

















w 








9/13 


2 






accDW 


1 









1 







w 








8/12 


1 




JT 


imm8, ace 


1 














1 


w 








8/12 


2 






DW, ace 


1 









1 




1 


w 








8/12 


1 




M 


dst, DW 












1 







w 








9 + 8n 


1 




iTM 


DW, src 












1 




1 


w 








9-h8n 


1 
























n = 


number of transfers 
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SEC 



Instruction Set (cont) 



Mnetnonic Operand 



7 6 5 4 3 2 1 



Opcode 

7 6 5 4 3 2 1 



Clocks Bytes AC CY V P S Z 



BCD Instructions 



ADJBA 










1 


1 







1 1 


















3 


1 


X 


X 


u 


u 


u 


u 


ADJ4A 










1 










1 1 


















3 


1 


X 


X 


u 


X 


X 


X 


ADJBS 










1 


1 






1 1 


















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4S 










1 









1 1 


















7 


1 


X 


X 


u 


X 


X 


X 


ADD4S 


dst, src 


















1 1 








1 

















7 + 19n 


2 


u 


X 


u 


u 


u 


X 


SUB4S 


dst, src 


















1 1 








1 











1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


CMP4S 


dst, src 


















1 1 








1 








1 


1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


R0L4 


reg8 




1 



1 















1 1 

reg 








1 





1 











25 


3 
















memS 



mod 















1 1 
mem 








1 





1 











28 


3-5 














R0R4 


reg8 



1 




1 














1 1 
reg 








1 





1 





1 





29 


3 
















memS 


















1 1 








1 





1 





1 





33 


3-5 















mem 

n = number of BCD digits divided by 2 



Data Type Conversion instructions 


CVTBD 1 


10 10 10 


10 10 15 


2 


U U U X X X 


CVTDB 1 


10 10 10 1 


10 10 7 


2 


U U U X X X 


CVTBW 1 


110 


2 


1 




CVTWL 1 


110 1 


4-5 


1 




Arithmetic Instructions 



ADD 



reg, reg 



1 W 11 



reg 



reg 



mem, reg 



W mod reg 



16/24 2-4 



reg, mem 



1 W mod 



reg 



11/15 2-4 



reg, imm 



100000SW 110 00 



reg 



3-4 



mem, imm 



1 S W mod 



18/26 3-6 



ace, imm 



1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



ADDC 



reg, reg 



1 1 W 11 



reg 



reg 



mem, reg 



1 W mod 



reg 



16/24 2-4 



reg, mem 



1 1 W mod reg 



11/15 2-4 



reg, imm 



100000SW 11010 



reg 



3-4 



mem, imm 



100000SW mod 010 



18/26 3-6 



ace, imm 



1 1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



SUB 



reg, reg 



1 1 1 W 11 



reg 



reg 



mem, reg 



1 1 W mod reg 



16/24 2-4 



reg, mem 



1 1 1 W mod reg 



11/15 2-4 



reg, imm 



100000SW 11101 



reg 



3-4 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 
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Instruction Set (cont) 


Mnemonic Operand 


Opcode 
76543210 76543210 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Arithmetic Instructions (cont) 


mem, imm 


1 s w 


mod 1 1 mem 


18/26 


3-6 


X X X X X X 


ace, imm 


1 1 1 w 




4 


2-3 


X X X X X X 



SUBC 



reg, reg 



mem, reg 



reg, mem 



1 1 1 W 11 



reg 



reg 



1 1 W mod reg 



16/24 2-4 



1 1 1 W mod reg 



11/15 2-4 



X X X X X X 



X X X X X X 



X X X X X X 





reg, imm 



















s 


w 


1 1 





1 


1 


reg 


4 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 



















s 


w 


mod 





1 


1 


mem 


18/26 


3-6 


X 


X 


X 


X 


X 


X 




ace, imm 













1 







w 












4 


2-3 


X 


X 


X 


X 


X 


X 


INC 


regS 










1 




1 





1 1 











reg 


2 


2 


X 




X 


X 


X 


X 




mem 










1 




1 


w 


mod 











mem 


16/24 


2-4 


X 




X 


X 


X 


X 




regie 


















reg 














2 


1 


X 




X 


X 


X 


X 


DEC 


regS 










1 




1 





1 1 








1 


reg 


2 


2 


X 




X 


X 


X 


X 




mem 










1 




1 


w 


mod 








1 


mem 


16/24 


2-4 


X 




X 


X 


X 


X 




reg16 













1 




reg 














2 


1 


X 




X 


X 


X 


X 


MULU 


reg 















1 


w 


1 1 


1 








reg 


21-30 


2 


u 


X 


X 


u 


u 


u 




mem 















1 


w 


mod 


1 








mem 


27-36 


2-4 


u 


X 


X 


u 


u 


u 


MUL 


reg 















1 


w 


1 1 


1 





1 


reg 


33-47 


2 


u 


X 


X 


u 


u 


u 




mem 















1 


w 


mod 


1 





1 


mem 


39-57 


2-4 


u 


X 


X 


u 


u 


u 




reg16,reg16,imm8 












1 





1 


1 


1 1 




reg 




reg 


28-34 


3 


u 


X 


X 


u 


u 


u 




reg16,mem16,imm8 












1 





1 


1 


mod 




reg 




mem 


34-44 


3-5 


u 


X 


X 


u 


u 


u 




reg16,reg16,imm16 












1 








1 


1 1 




reg 




reg 


36-42 


4 


u 


X 


X 


u 


u 


u 




reg16,mem16,imm16 












1 








1 


mod 




reg 




mem 


46-52 


4-6 


u 


X 


X 


u 


u 


u 


)IVU 


reg 


1 






1 





1 


1 


w 


1 1 


1 


1 





reg 


19-25 


2 


u 


u 


u 


u 


u 


u 




mem 


1 






1 





1 


1 


w 


mod 


1 


1 





mem 


25-35 


2-4 


u 


u 


u 


u 


u 


u 


i|V 


reg 


1 






1 





1 


1 


w 


1 1 


1 


1 


1 


reg 


29-43 


2 


u 


u 


u 


u 


u 


u 




mem 


1 






1 





1 


1 


w 


mod 


1 


1 


1 


mem 


35-53 


2-4 


u 


u 


u 


u 


u 


u 


'Comparison Instructions 


MP 


reg, reg 








1 


1 


1 





1 


w 


1 1 




reg 




reg 


2 


2 


X 


X 


X 


X 


X 


X 




mem, reg 








1 


1 


1 








w 


mod 




reg 




mem 


11/15 


2-4 


X 


X 


X 


X 


X 


X 




reg, mem 








1 


1 


1 





1 


w 


mod 




reg 




mem 


11/15 


2-4 


X 


X 


X 


X 


X 


X 




reg, imm 


1 

















s 


w 


1 1 


1 


1 


1 


reg 


4 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 


1 

















s 


w 


mod 


1 


1 


1 


mem 


13/17 


3-6 


X 


X 


X 


X 


X 


X 




ace, imm 








1 


1 


1 


1 





w 












4 


2-3 


X 


X 


X 


X 


X 


X 


oglcai Instructions 


)T 


reg 


1 


1 


1 


1 





1 


1 


w 


1 1 





1 





reg 


2 


2 
















mem 


1 


1 


1 


1 





1 


1 


w 


mod 





1 





mem 


16/24 


2-4 














:G 


reg 


1 


1 


1 


1 





1 


1 


w 


1 1 





1 


1 


reg 


2 


2 


X 


X 


X 


X 


X 


X 




mem 


1 


1 


1 


1 





1 


1 


w 


mod 





1 


1 


mem 


16/24 


2-4 


X 


X 


X 


X 


X 


X 




ST 


reg, reg 


1 1 W 


1 1 reg 


reg 


2 


2 


u X X X 




mem, reg 


1 1 W 


mod reg 


mem 


10/14 


2-4 


u X X X 




reg, imm 


1 1 1 1 1 1 W 


110 


reg 


4 


3-4 


u X X X 
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Instruction Set (cont) 


Mnemonic Operand 


Opcode 
7 6 5 4 3 2 10 7 6 5 4 3 2 10 Clocks 


Bytes 


Flags 
AC CY V P S Z 


Logical Instructions (cont) 


mem, imm 


1 1 1 1 1 1 W mod mem 11/15 


3-6 


u X X X 


ace, imm 


1 1 1 W 4 


2-3 


u X X X 



AND 



reg, reg 



1 1 W 11 



reg 



reg 



mem, reg 



1 W mod reg 



16/20 2-4 



reg, mem 



1 1 W mod reg 



11/15 2-4 



reg, imm 



1000000W 11100 



reg 



3-4 



mem, imm 



lOOOOOdW mod 100 



18/26 3-6 



ace, imm 



1 1 W 



2-3 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



OR 



reg, reg 



1 1 W 11 



reg 



reg 



mem, reg 



1 W mod reg 



16/24 2-4 



reg, mem 



1 1 W mod reg 



11/15 2-4 



reg, imm 



1000000W 11001 



reg 



3-4 



mem, imm 



1 W mod 1 



18/26 3-6 



1 1 W 



2-3 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



XOR 



reg, reg 



1 1 1 W 11 



reg 



reg 



mem, reg 



1 1 W mod reg 



16/24 2-4 



reg, mem 



1 1 1 W mod reg 



11/15 2-4 



reg, imm 



1000000W 11110 



reg 



3-4 



mem, imm 



1 W mod 1 1 



18/26 3-6 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 





ace, imm 








1 








W 














4 


2-3 


u 








X 


X 


X 


Bit Manipulation Instructions 




INS 


reg8, reg8 




1 









reg 




1 
reg 








1 1 











1 


35-133 


3 
















reg8, imm8 




1 















1 
reg 








1 1 


1 








1 


35-133 


4 














EXT 


reg8, reg8 




1 









reg 




1 
reg 








1 1 








1 


1 


34-59 


3 
















reg8, imm8 




1 















1 
reg 








1 1 


1 





1 


1 


34-59 


4 














TEST1 


reg, CL 




1 















1 
reg 








1 











w 


3 


3 


u 








u 


u 


X 




mem, CL 



mod 













1 
mem 








1 











w 


12/16 


3-5 


u 








u 


u 


X 




reg, imm3/4 



1 




1 












1 
reg 








1 


1 








w 


4 


4 


u 








u 


u 


X 




mem, imm3/4 



mod 













1 
mem 








1 


1 








w 


13/21 


4-6 


u 








u 


u 


X , ■■ 


SET1 


reg, CL 



1 




1 













1 
reg 








1 





1 





w 


4 


3 
















mem, CL 
















1 1 








1 





1 





w 


13/21 


3-5 















3-58 



SEC 



)uPD70108(V20) 



Instruction Set (cont) 


Mnemonic Operands 7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Bit IVIanipulation Instructions (cont) 





reg, immSM 




1 1 













1 1 

reg 





1 


1 


1 





w 


5 


4 






mem,imm3/4 



mod 












1 1 
mem 





1 


1 


1 





w 


14/22 


4-6 






CY 


1 1 


1 


1 


1 ( 


) 1 














2 


1 


1 




DIR 


1 1 


1 


1 




1 














2 


1 




CLR1 


reg, CL 




1 1 












1 1 
reg 





1 








1 


w 


5 


3 






mem, CL 



mod 












1 1 
mem 





1 








1 


w 


14/22 


3-5 






reg, imm3/4 




1 1 












1 1 
reg 





1 


1 





1 


w 


6 


4 






mem, imm3/4 



mod 












1 1 
mem 





1 


1 





1 


w 


15/27 


4-6 






CY 


1 1 


1 


1 


1 ( 


) 














2 


1 







DIR 


1 1 


1 


1 



















2 


1 




N0T1 


reg, CL 




1 1 












1 1 
reg 





1 





1 


1 


w 


4 


3 






mem.CL 



mod 












1 1 
mem 





1 





1 


1 


w 


18/26 


3-5 






reg, imm3/4 




1 1 












1 1 
reg 





1 


1 


1 


1 


w 


5 


4 






mem, imm3/4 



mod 













1 1 
mem 





1 


1 


1 


1 


w 


19/27 


4-6 






CY 


1 1 


1 


1 





1 














2 


1 


X 




Shift/Rotate Instructions 



HL 


reg, 1 







1 











w 












reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 







1 











w 


mod 










mem 


16/24 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 







1 








1 


w 












reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 







1 





<? 


1 


w 


mod 










mem 


19/27 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 



















w 












reg 


7-f-n 


3 


u 


X 


u 


X 


X 


X 




mem, immS 



















w 


mod 










mem 


19/27 -f- n 


3-5 


u 


X 


u 


X 


X 


X 


HR 


reg, 1 







1 











w 











reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem.l 







1 











w 


mod 









mem 


16/24 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 







1 








1 


w 











reg 


7 + n 


2 


u 


X 


u 


X 


,x 


X 




mem, CL 







1 








1 


w 


mod 









mem 


19/27 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 



















w 











reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, ImmS 



















w 


mod 









mem 


19/27 + n 


3-5 


u 


X 


u 


X 


X 


X 






















n = 


number of shifts 



















3-59 



A(PD70108(V20) 



NEC 



Instruction Set (cont) 



Mnemonic Operands 



76543210 76543210 Clocks 



AC CY V P S Z 



Shift/Rotate Instructions (cont) 



SHRA 


reg, 1 


1 













w 


1 1 








reg 


2 


2 


U X 





X 


X 


X 




mem, 1 


1 













w 


mod 








mem 


16/24 


2-4 


U X 





X 


X 


X 




reg, CL 


1 










1 


w 










reg 


7 + n 


2 


U X 


u 


X 


X 


X 




mem, CL 


1 










1 


w 


mod 








mem 


19/27 + n 


2-4 


U X 


u 


X 


X 


X 




reg, imm8 


1 














w 










reg 


7 + n 


3 


U X 


u 


X 


X 


X 




mem, immS 


1 














w 


mod 








mem 


19/27 + n 


3-5 


U X 


u 


X 


X 


X 


ROL 


reg, 1 


1 













w 













reg 


2 


2 


X 


X 










mem, 1 


1 













w 


mod 











mem 


16/24 


2-4 


X 


X 










reg, CL 


1 










1 


w 













reg 


7 + n 


2 


X 


u 










mem, CL 


1 










1 


w 


mod 











mem 


19/27 + n 


2-4 


X 


u 










reg, imm 


1 














w 













reg 


7 + n 


3 


X 


u 










mem, imm 


1 














w 


mod 











mem 


19/27 + n 


3-5 


X 


u 








ROR 


reg, 1 


1 













w 












reg 


2 


2 


X 


u 










mem, 1 


1 













w 


mod 










mem 


16/24 


2-4 


X 


X 










reg, CL 


1 










1 


w 












reg 


7 + n 


2 


X 


u 










mem, CL 


1 










1 


w 


mod 










mem 


19/27 + n 


2-4 


X 


u 










reg, imm8 


1 














w 












reg 


7 + n 


3 


X 


u 










mem, imm8 


1 














w 


mod 










mem 


19/27 + n 


3-5 


X 


u 








ROLC 


reg, 1 


1 













w 












reg 


2 


2 


X 


X 










mem, 1 


1 













w 


mod 










mem 


16/28 


2-4 


X 


X 










reg, CL 


1 










1 


w 












reg 


7 + n 


2 


X 


u 










mem,CL 


1 










1 


w 


mod 










mem 


19/27 + n 


2-4 


X 


u 










reg, immS 


1 














w 












reg 


7 + n 


3 


X 


u 










mem, immS 


1 














w 


mod 










mem 


19/27 + n 


3-5 


X 


u 








RORC 


reg, 1 


1 













w 











reg 


2 


2 


X 


X 










mem, 1 


1 













w 


mod 









mem 


16/24 


2-4 


X 


X 










reg, CL 


1 










1 


w 











reg 


7 + n 


2 


X 


u 










mem, CL 


1 










1 


w 


mod 









mem 


19/27 + n 


2-4 


X 


u 










reg, immS 


1 














w 











reg 


7 + n 


3 


X 


u 










mem, immS 


1 














w 


mod 









mem 


19/27 + n 


3-5 


X 


u 









n = number of shifts 



Stack Manipulation Instructions 



PUSH 



mem16 


11111111 


mod 1 


1 


mem 


26 


2-4 


regie 


10 10 reg 








12 


1 


sr 


sr 110 








12 


1 


PSW 


10 1110 








12 


1 


R 


110 








67 


1 



1 1 1 S 



11/12 



2-3 
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Instruction Set (cont) 


Mnemonic Operands 7 6 5 4 3 2 


Opcode 

G 7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Stack Manipulation Instructions (cont) 



POP 



mem16 


10 1 


1 1 1 


mod 


mem 


25 


2-4 




regie 


10 11 


reg 






12 


1 




sr 


sr 


1 1 1 






12 


1 




PSW 


10 11 


1 1 






12 


1 


R R R R R R 



R 





10 1 


75 


1 


PREPARE immie, imm8 


1 


10 

*imm8 = 0: 12 

imm8>1 :19 + 8(imm8-1) 


* 


4 


DISPOSE 


1 


10 1 


10 


1 


Control Transfer instructions 



CALL 


near_proc 


1 1 


1 






















20 


3 




regptr 


1 1 


1 


1 




1 






1 1 


1 


reg 


18 


1 




memptrie 


1 1 


1 


1 




1 






mod 


1 


mem 


31 


2-4 




far_proc 


1 





1 


















29 


5 




memptr32 


1 1 


1 


1 




1 






mod 


1 1 


mem 


47 


2-4 


RET 




1 1 
























19 


1 




pop_value 


1 1 

























24 


3 






1 1 























29 


1 




pop_value 


1 1 
























32 


3 


3R 


nearJabel 


1 1 























13 


3 




shorUabel 


1 1 






















12 


2 




reg 


1 1 








1 






1 1 


1 


reg 


11 


2 




memptrie 


1 1 








1 






mod 


1 


mem 


24 


2-4 




farJabel 


1 1 























15 


5 




memptr32 


1 1 








1 






mod 


1 1 


mem 


35 


2-4 


V 


nearJabel 


1 























14/4 


2 


NV 


nearJabel 


1 























14/4 


2 


C, BL 


nearJabel 


1 























14/4 


2 


NC, BNL 


nearJabel 


1 






















14/4 


2 


E, BZ 


nearJabel 


1 









1 














14/4 


2 


ME, BNZ 


nearJabel 


1 









1 













14/4 


2 


MH 


nearJabel 


1 









1 













14/4 


2 


H 


nearJabel 


1 









1 












14/4 


2 


\l 


nearJabel 


1 























14/4 


2 


) 


nearJabel 


1 






















14/4 


2 


'E 


nearJabel 


1 






















14/4 


2 


'0 


nearJabel 


1 





















14/4 


2 


T 


nearJabel 


1 








1 














14/4 


2 


lE 


nearJabel 


1 








1 













14/4 


2 
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Instruction Set (cont) 


Mnemonic Operand 7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Control Transfer Instructions (cont) 


BLE nearJabel 11111 





14/4 


2 




BGT nearJabel 11111 


1 


14/4 


2 





OBNZNE 


nearJabel 


1 1 


1 

















14/5 


2 




DBNZE 


nearJabel 


1 1 


1 














1 


14/5 


2 




DBNZ 


nearJabel 


1 1 


1 











1 





13/5 


2 




BCWZ 


nearJabel 


1 1 


1 











1 


1 


13/5 


2 




Interrupt Instructions 


BRK 


3 


1 1 








1 


1 








50 


1 






imm8 


1 1 








1 


1 





1 


50 


2 




BRKV 


immS 


1 1 








1 


1 


1 


1 


52/3 


1 




RET! 




1 1 








1 


1 


1 





39 


1 


R R R R R R 



CHKIND 


regie, mem32 





1 


1 











1 





mod 


reg mem 


73-76/26 


2-4 




BRKEM 


immS 














1 


1 


1 


1 


1 1 


111111 


50 


3 




CPU Control Instructions 


HALT 




1 






1 





1 












2 


1 




BUSLOCK 




1 






1 


















2 


1 




FP01 


fp_op 


1 






1 


1 


X 


X 


X 


1 1 


Y Y Y Z Z Z 


2 


2 






fp_op, mem 


1 






1 


1 


X 


X 


X 


mod 


Y Y Y mem 


15 


2-4 




FP02 


fp_op 















1 


1 


X 


1 1 


Y Y Y Z Z Z 


2 


2 






fp_op, mem 















1 


1 


X 


mod 


Y Y Y mem 


15 


2-4 




POLL 




1 








1 


1 

n 


1 1 
= number of times POLL pin is sampled. 


2 + 5n 


1 




NOP 




1 








1 


















3 


1 




Dl 




1 


1 




1 


1 





1 









2 


1 




El 




1 


1 




1 


1 





1 


1 






2 


1 




8080 Instruction Set Enhancements 


RETEM 




1 


1 


1 





1 


1 





1 


1 1 


11110 1 


39 


2 


R R R R R R 


CALLN 


imm8 


1 


1 


1 





1 


1 





1 


1 1 


10 110 1 


58 


3 
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//PD70116(V30^") 

16-BIT HIGH-PERFORMANCE 

CMOS MICROPROCESSOR 



Description 

TheA(PD70116 (V30) is a CMOS 1 6-bit microprocessor 
with an internal 1 6-bit arciiitecture and a 1 6-bit external 
data bus. TheyuPD701 1 6 instruction set is a superset of 
theyuPD8086/8088; however, mnemonics and execution 
times are different. The/uPD70116 additionally has a 
powerful instruction set including bit processing, 
packed BCD operations, and high-speed multiplication/ 
division operations. The//PD70116 can also execute 
the entire 8080 instruction set and comes with a 
standby mode that significantly reduces power consump- 
tion. It is software-compatible with the yuPD70108 
microprocessor. 

Features 

D Minimum instruction execution time: 

250 ns (at 8 MHz) 
D Maximum addressable memory. 1 Mbyte 
D Abundant memory addressing modes 
D 14 X 16-bit register set 
D 101 instructions 
D Instruction set is a superset of //PD8086/8088 

instruction set 
D Bit, byte, word, and block operations 
D Bitfield operation instructions 
n Packed BCD instructions 
H Multiplication/division instruction execution 

time: 4 yus to 6 //s (at 8 MHz) 
D High-speed block transfer instructions: 

2 Mbyte/s (at 8 MHz) 
II High-speed calculation of effective addresses: 

2 clock cycles in any addressing mode 
J Maskable (INT) and nonmaskable (NMI) 

interrupt inputs 
1 IEEE-796 bus compatible interface 
] 8080 emulation mode 
] CMOS technology 
] Low-power consumption 
Q Low-power standby mode 
] Single power supply 
] 5-MHz, 8-MHz or 10-MHz clock 



Ordering Information 



Part 
Number 


Package Type 


Max Frequency 
of Operation 


//PD70116C-5 


40-pin plastic DIP 


5 MHz 


//PD70116C-8 


40-pin plastic DIP 


8 MHz 


A(PD70116D-5 


40-pin ceramic DIP 


5 MHz 


/uPD70116D-8 


40-pin ceramic DIP 


8 MHz 


//PD70116D-10 


40-pin ceramic DIP 


10 MHz 


I/PD70116G-5 


52-pin plastic miniflat 


5 MHz 


//PD70116G-8 


52-pin plastic miniflat 


8 MHz 


//PD70116L-5 


44-pin PLCC 


5 MHz 


//PD70116L-8 


44-pin PLCC 


8 MHz 




Pin Configurations 

40-Pin Plastic DIP/Cerdip 



icC 


1 


40 


H Vdd 


AD14I: 


2 


39 


DADn 


AD13C 


3 


38 


1 Ais/PSo 


AD12 C 


4 


37 


1 A17/PS1 


AD11 c 


5 


36 


1 A18/PS2 


AD10 c 


6 


35 


1 Ais/PSa 


AD9I: 


7 


34 


3UBE 


adbC 


8 


33 


3S/LG 


AD7 c 


9 » 32 


:rd 


ADsC 


10 5 31 


2 HLDRQ [RQ/AKol 


AD5 c 


11 £ 30 


3 HLDAK [RQ/AK1I 


AD4C 


12 


29 


2 WR [BUSLOCK] 


AD3 C 


13 


28 


2 iO/M [BS2I 


adjC 


14 


27 


2 BUFR/W [BSil 


ADi C 


15 


26 


2 BUFEN [BSoJ 


ADoC 


16 


25 


2 ASTB [QSo] 


NMI Z 


17 


24 


2 INTAK [QS1I 


INTC 


18 


23 


3 POLL 


CLKC 


19 


22 


2 READY 


GNDC 


20 


21 


2 RESET 
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Pin Configurations (cont) 



Pin identification 



44-Pin Plastic Leadless Chip Carrier (PLCC) 




a 
< 
j/—Kjr 


" ? ? O 

a a z u 
< < < z > 


a. 

Is 

"lunur 


2 

Q 

4 




< 






' 1 1 

L J 


LJLJlJLJIILJ 


L J L J 




1 1 ^ 

L J 






6 


1 1 ** 






*o ,--, 




AD10 


X-j7 


L J 






39 u- 1 


^NC 


AD9 


l__l 








r-- 


. PS3 


AD8 


l_J 








!llj 


.Oil 


AD7. 










r-- 


.S/LG 


AD6, 


!__j 








( 


iffB 


AD5 




^PD70116 






r- j 


. HLDRQ [RQ/AKol 


AD4. 
AD3. 


r — -1 








L_ J 
r- j 
t-- J 


. HLDAK [RQ/AKil 


^ WR [BUSLOCK] 


AD2. 


ri; 








1 


. iO/M {BS2I 


ADi 


[I J 








[~ 1 


^ BUFR/W [BSi] 


ADo 


18 








28 


BUFEN [BSo] 




FT 


n n FT ri n rn 
1 


n n 
1 1 1 1 


r 1 

1 1 


r 1 
1 1 






i 


NMI ^ 
INT , 

GND. 

NC^ 

RESET ^ 


E 




1 




(D 


83-001874 



52-Pin Plastic Mlnittat 



1 If 

12 12 

(A ^ 

^ lul |0 Q 2 

z < B is E I z I 


2 75 S 1 

1 = 1 ff 

i io i g i 




nnnnnnnnnnnnn 






1^ 52 40 > 




A18/PS2 nz 


1 39 


13 ASTB [QSo] 


A17/PS1 irz 




1 INTAK [QS1I 


A16/PS0 cz 




ZD POLL 


ADisCZ 




ZD READY 


vddCz: 




ZD RESET 


VddCZZ 




ZD GND 


GNDCZ: 


AIPD70116 


ZDGND 


GND 1 




ZDnc 


ici — 




IZIGND 


ADi4i:z: 




ZD CLK 


AD^CZ 




Z3INT 


AD1211Z: 




IZnmi 


AD11 un 


13 27 
l^ 14 26 J 


ZDnc 




uuuuuuuuuuuuu 




§<<<<<<<<<< 


83-001 873A 



Symbol 


Direction 


Function 


IC* 




Internaiiy connected 


AD14 - ADo 


In/Out 


Address/data bus 


NMI 


In 


Nonmaskable interrupt 
input 


INT 


In 


l\/lasl(able interrupt input 


CLK 


In 


Clock input 


GND 




Ground potential 


RESET 


in 


Reset input 


READY 


in 


Ready input 


POLL 


In 


Poll input 


INTAK (QSi) 


Out 


Interrupt acknowledge 
output (queue status bit 1 
output) 


ASTB (QSo) 


Out 


Address strobe output 
(queue status bit output) 


BUFEN (BSo) 


Out 


Buffer enable output (bus 
status bit output) 


BUFR/W (BSi) 


Out 


Buffer read/write output 
(bus status bit 1 output) 


10/ M (BS2) 


Out 


Access is i/0 or memory 
(bus status bit 2 output) 


WR (BUSLOCK) 


Out 


Write strobe output (bus 
lock output) 


HLDAK (RQ/AKT) 


Out 
(in/Out) 


Hoidacknowledgeoutput, 
(bus hold request input/ 
acknowledge output 1) 


HLDRQ (RQ/AK^) 


In 
(In /Out) 


Hold request input (bus 
tiold request input/ 
acknowledge output 0) 


RD 


Out 


Read strobe output 


S/LG 


in 


Smail-scale/iarge-scale 
system input 


UBE 


Out 


Upper byte enable 


A19/PS3- 
A16/PS0 


Out 


Address bus, high bits or 
processor status output 


AD15 


In/Out 


Address/data bus, bit 15 


Vdo 




Power supply 



Notes: * IC should be connected to ground. 

Where pins have different functions In small- and large-scs 
systems, the large-scale system pin symbol and function e 
in parentheses. 

Unused input pins should be tied to ground or Vqd 
minimize power dissipation and prevent the flow of potc 
tially harmful currents. 
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Block Diagram 



<=^ 



7 — V 



^ 



t 



:<'^ 



(^ 



^ 



C=^ 



^ 




t=^ 



Bus 
Buffer 



Aie/PSo - A19/PS2 



K:^ 



status 
Control 


"^ 


/ 


"* 




* 


* 



T-State 
Control 



Bus Hold 
Control 






"* *^ 



Cycle 
Decision 



IE 



Interrupt 
Control 






* 



Queue 
Control 



Standby 
Control ^^ 



USE 

BUFEN[BSo], BUFR/W (BSiJ 

iO/M [BSj] 

ASTB (Q SqI, INTAK [QSiJ 
RD, Wfi [SuSlOCR] 



S/LG 
READY 
RESET 
POiX 



HLDRQ [RQ/AKo] 
HLDAK [RQ/AKi] 



NMI 
INT 

Bus 
CLK Control 

Unit 
[BCU] 



^ 



Effective Address 
Generator 



Execution 
Unit 
[EXU] 



D I ^ 



Microinstruction 
Storage 



^ 



29 > Microinstruction 



IMicrosequence 
Control 



^ 



Instruction Decoder 



Sub Data Bus [16] 



Main Data Bus [16] 
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Pin Functions 

Some pins of the ^(PD70116 have different functions 
according to whether the microprocessor is used in a 
small- or large-scale system. Other pins function the 
same way in either type of system. 

ADi5 - ADq [Address/Data Bus] 

For small- and large-scale systems. 

ADi5 - ADq is a time-multiplexed address and data bus. 
When high, an AD bit is a one; when low, an AD bit is a 
zero. This bus contains the lower 16 bits of the 20-bit 
address during T1 of the bus cycle. It is used as a 16-bit 
data bus during T2, T3, and T4 of the bus cycle. 

The address/data bus is a three-state bus and can be at 
a high or low level during standby mode. The bus will 
be high impedance during hold and interrupt 
acknowledge. 

NMI [Nonmaskable Interrupt] 

For small- and large-scale systems. 

This pin is used to input nonmaskable interrupt 
requests. NMI cannot be masked by software. This 
input is positive edge triggered and must be held high 
for five clocks to guarantee recognition. Actual inter- 
rupt processing begins, however, after completion 
of the instruction in progress. 

The contents of interrupt vector 2 determine the 
starting address for the interrupt-servicing routine. 
Note that a hold request will be accepted even during 
NMI acknowledge. 

This interrupt will cause the AfPD70116 to exit the 
standby mode. 

INT [Maskable interrupt] 

For small- and large-scale systems. 

This pin is an interrupt request that can be masked by 

software. 

INT is active high level and is sensed during the last 

clock of the instruction. The interrupt will be accepted 

if th e interr upt enable flag IE is set. The CPU outputs 

the INTAK signal to inform external devices that the 

interrupt request has been granted. INT must be 

asserted until the interrupt acknowledge signal is 

returned. 

If NMI and I NT interrupts occur at the same time, NMI 

has higher priority than INT and INT cannot be 

accepted. A hold request will be accepted during INT 

acknowledge. 

This interrupt causes theyuPDTO1 1 6 to exit the standby 

mode. 

CLK [Clock] 

For small- and large-scale systems. 

This pin is used for external clock input. 



RESET [Reset] 

For small- and large-scale systems. 
This pin is used for the CPU reset signal. It is an active 
high level. Input of this signal has priority over all other 
operations. After the reset signal input returns to a low 
level, the CPU begins execution of the program starting 
at address FFFFOH. 

In addition to causing normal CPU start, RESET input 
will cause the//PD701 16 to exit the standby mode. 
READY [Ready] 

For small- and large-scale systems. 
When the memory or I/O device being accessed 
cannot complete data read or write within the CPU 
basic access time, it can generate a CPU wait state 
(Tw) by setting this signal to inactive (low level) and 
requesting a read/write cycle delay. 
If the READY signal is active (high level) during either 
the T3 or Tw state, the CPU will not generate a wait 
state. 

POLL [Poll] 

For small- and large-scale systems. 
The CPU checks this input upon execution of the POLL 
instruction. If the input is low, then executio n conti nues. 
If the input is high, the CPU will check the POLL input 
every five clock cycles until the input becomes low 
again. 

The POLL and READY functions are used to syn- 
chronize CPU program execution with the operation o1 
external devices. 
RD [Read Strobe] 
For small- and large-scale systems. 
The CPU outputs this strobe signal_during data reac 
from an I/O device or memory. The lO/M signal is usee 
to select between I/O and memory. 
This three-state output is held high during standby 
mode and enters the high-impedance state during hok 
acknowledge. 
S/LG [Small/Large] 
For small- and large-scale systems. 

This signal determines the operation mode of the CPL 
This signal is fixed at either a high or low level. Whe 
this signal is a high level, the CPU will operate in smal' 
scale system mode, and when low, in the large-seal 
system mode. A small-scale system will have at moi 
one bus master such as a DMA controller device on th 
bus. A large-scale system can have more than one bi 
master accessing the bus as well as the CPU. 
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INTAK [Interrupt Acknowledge] 

For small-scale systems. 

The CPU generates the INTAK signal low when it 
accepts an INT signal. 

The interrupting device synchronizes with this signal 
and outputs the interrupt vector to the CPU via the data 
bus (AD7 - ADo). 

ASTB [Address Strobe] 

For small-scale systems. 

The CPU outputs this strobe signal to latch address 
information at an external latch. 

ASTB is held at a low level during standby mode and 
hold acknowledge. 

BUFEN [Buffer Enable] 

For small-scale systems. 

This is used as the output enable signal for an external 
bidirectional buffer. The CPU generates this signal 
during data transfer operations with external memory 
or I/O devices or during input of an interrupt vector. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

BUFR/W [Buffer Read/Write] 

For small-scale systems. 

The output of this signal determines the direction of 
data transfer with an external bidirectional buffer. A 
high output causes transmission from the CPU to the 
external device; a low signal causes data transfer from 
the external device to the CPU. 

BUFR/W is a three-state output and enters the high- 
mpedance state during hold acknowledge. 

O/M [lO/Memory] 

•or small-scale systems. 

"he CPU generates this signal to specify either I/O 
iccess or memory access. A low-level output specifies 
''O and a high-level signal specifies memory. 

0/M's output is three state and becomes high 
npedance during hold acknowledge. 

7r [Write Strobe] 

or small-scale systems. 

■ 
he CPU generates this strobe signal during data write 
) an I/O device or memory. Selection of either I/O or 
lemory is performed by the lO/M signal. 

his three-state output is held high during standby 
lode and enters the high-impedance state during hold 
^knowledge. 



HLDAK [Hold Acknowledge] 

For small-scale systems. 

The HLDAK signal is used to indicate that the CPU 
accepts the hold request signal (HLDRQ). When this 
signal is a high level, the address bus, address/data 
bus, the control lines become high impedance. 

HLDRQ [Hold Request] 

For small-scale systems. 

This input signal is used by external devices to request 
the CPU to release the address bus, address/data bus, 
and the control bus. 

Oil [Upper Byte Enable] 

For small- and large-scale systems. 

UBE indicates the use of the upper eight bits (AD16 
-ADs) of the address/data bus during a bus cycle. This 
signal is active low during T1 for read, write, and 
interrupt acknowledge cycl es wh en AD15 - ADs are to 
be used. Bus cycles in which UBE is active are shown in 
the following table. 




Type of 
Bus Operation 


Ube 


AOo 


Number of 
Bus Cycles 


Word at even address 








1 


Word at odd address 




1 


1* 

0" 


2 


Byte at even address 


1 





1 


Byte at odd address 





1 


1 



Notes: * First bus cycle 

** Second bus cycle 

UBE is low continuously during the interrupt acknow- 
ledge state. 

The three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

Aig/PSs - Aie/PSo [Address Bus/Processor Status] 

For small- and large-scale systems. 

These pins are time multiplexed to operate as an 
address bus and as processor status signals. 

When used as the address bus, these pins are the high 4 
bits of the 20-bit memory address. During I/O access, 
all 4 bits output data 0. 
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The processor status signals are provided for both 
memory and I/O use. PS3 is always in the native mode 
and 1 in 8080 emulation mode. The interrupt enable 
flag (IE) is output on pin PS2. Pins PSi and PSq indicate 
which memory segment is being accessed. 



A17/PS, 


A16/PS0 


Segment 








Data segment 1 





1 


Stack segment 


1 





Program segment 


1 


1 


Data segment 



The output of these pins is three state and becomes 
high impedance during hold acknowledge. 

QSi, QSo [Queue Status] 

For large-scale systems. 

The CPU uses these signals to allow external devices, 
such as the floating-point arithmetic processor chip 
OuPD72091 ), to monitor the status of the internal CPU 
instruction queue. 



QS, 


QSo 


Instruction Queue Status 








NOP (queue does not change) 





1 


First byte of instruction 


1 





Flush queue 


1 1 Subsequent bytes of instruction 



The instruction queue status indicated by these signals 
is the status when the execution unit (EXU) accesses 
the instruction queue. The data output from these pins 
is therefore valid only for one clock cycle immediately 
following queue access. These status signals are 
provided so that the floating-point processor chip can 
monitor the CPU's program execution status and 
synchronize its operation with the CPU when control is 
passed to it by the FPO (Floating Point Operation) 
instructions. 

BS2 - BSq [Bus Status] 

For large-scale systems. 

The CPU uses these statussignals to allow an external 
bus controller to monitor what the current bus cycle is. 

The external bus controller decodes these signals and 
generates the control signals required to perform 
access of the memory or I/O device. 



BS2 


BS, 


BSo 


Bus Cycle 











Interrupt acknowledge 








1 


I/O read 





1 





I/O write 





1 


1 


Halt 


1 








Program fetch 


1 





1 


Memory read 


1 


1 





Memory write 


1 


1 


1 


Passive state 



The output of these signals is three state and becomes 
high impedance during hold acknowledge. 

BUSLOCK [Bus Lock] 

For large-scale systems. 

The CPU uses this signal to secure the bus while 
executing the instruction immediately following the 
BUSLOCK prefix instruction and during interrupt 
acknowledge cycles. It is a status signal to the other 
bus masters in a multiprocessor system inhibiting 
them from using the system bus during this time. 

The output of this signal is three state an d becomes 
high impedance during hold acknowledge. BUSLOCK 
is high during standby mode except if the HALT^ 
instruction has a BUSLOCK prefix. 

RQ/AK\, RQ/AKo [Hold Request/Acknowledge] 

For large-scale systems. 

These pins function as bus hold request inputs (RO; 
and as bus hold acknowledge outputs (AK). RQ/AK( 
has a higher priority than RQ/AKi. 

These pins have three-state outputs with on-chip pull 
up resistors which keep the pin at a high level when th( 
output is high impedance. 

Vdd [Power Supply] 

For small- and large-scale systems. 

This pin is used for the +5 V power supply. 

GND [Ground] 

For small- and large-scale systems. 

This pin is used for ground. 

IC [Internally Connected] 

This pin is used for tests performed at the factory bj 
NEC. The //PD70116 is used with this pin at grounl 
potential. 
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Absolute Maximum Ratings 

Ta = +25°C 


Power supply voltage, Vqd 


-0.5 V to +7.0 V 


Power dissipation, PD^ax 


0.5 W 


Input voltage, V| 


-0.5VtoVDD + 0.3V 


CLK input voltage, Vk 


-0.5VtoVDD + 10V 


Output voltage, Vq 


-0.5 V to Vdd + 0.3 V 


Operating temperature, Tqpt 


-40°Cto+85°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Capacitance 

Ta = +25°C,Vdd = 0V 





Symbol 


Limits 


Unit 


Test 


Parameter 


IWin Niax 


Conditions 


Input capacitance 


c, 


15 


PF 


fc = 1 MHz 
Unmeasured pins 


I/O capacitance 


C|0 


15 


PF 


returned to V 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



DC Ciiaracteristics 

A(PD70116-5, Ta = -40 °C to +85 °C, Vdd = +5 V ± 10% 
/vPD701 16-8, //PD701 16-10, Ta = -10°C to +70°C, Vqd ^ 



+5 V ± 5% 



Supply current 



70116-5 



30 



60 



mA 



Idd 



70116-10 
10 MHz 



60 



100 



mA 



14 



mA 



E 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage high 


V|H 


2.2 




Vdd +0.3 


V 




Input voltage low 


V|L 


-0.5 




0.8 


V 




CLK input voltage high 


Vkh 


3.9 




Vdd + 10 


V 




CLK input voltage low 


Vkl 


-0.5 




0.6 


V 




Output voltage high 


Vqh 


0.7 X Vdd 






V 


IOH = -400/iA 


Output voltage low 


Vol 






0.4 


V 


l0L = 2.5 mA 


input leakage current high 


'lih 






10 


//A 


V| = Vdd 


Input leakage current low 


Ilil 






-10 


M 


V| = OV 


Output leakage current high 


'loh 






10 


M 


Vo = Vdd 


Output leakage current low 


'lol 






-10 


M 


Vo = OV 



Normal operation 



5 MHz 


5 


10 


mA 


Standby mode 


70116-8 


45 


80 


mA 


Normal operation 


8 MHz 


6 


12 


mA 


Standby mode 



Normal operation 



Standby mode 
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AC Characteristics 

/UPD70116-5, Ta = -40 °C to +85 
/aPD701 16-8, A(PD701 16-10 Ta = - 


°C, Vdd = +5V±10% 
-10°Cto+70''C.VDD = 


+5 V ± 5% 












Parameter 


Symbol 


//PD70116-5 
Min Max 


/iPD70116-8 
Min Max 


//PD701 16-10 
Min Max 


Unit 


Conditions 


Small/Large Scale 


Clock cycle 


k\K 


200 


500 


125 


500 


100 


500 


ns 




Clock pulse width high 


Ikkh 


69 




44 




41 




ns 


Vkh = 3.0V 


Clock pulse width low 


tKKL 


90 




60 




49 




ns 


Vkl = 1.5V 


Clock rise time 


tKR 




10 




8 




5 


ns 


1.5 V to 3.0 V 


Clock tall time 


tKF 




10 




7 




5 


ns 


3.0 V to 1.5 V 


READY inactive setup to CLKI 


tSRYLK 


-8 




-8 




-10 




ns 




READY inactive hold after CLKt 


tHKRYH 


30 




20 




20 




ns 




READY active setup to CLKt 


tSRYHK 


^KKL - 8 




tKKL - 8 




tKKL -10 




ns 




READY active hold after CLKt 


tHKRYL 


30 




20 




20 




ns 




Data setup time to CLK i 


tSDK 


30 




20 




10 




ns 




Data hold time after CLK i 


tHKD 


10 




10 




10 




ns 




NMI, INT, POLL setup time 
to CLK t 


tsiK 


30 




15 




15 




ns 




Input rise time (except CLK) 


t|R 




20 




20 




20 


ns 


0.8 V to 2.2 V 


Input fall time (except CLK) 


t|F 




12 




12 




12 


ns 


2.2 V to 0.8 V 


Output rise time 


tOR 




20 




20 




20 


ns 


0.8 V to 2.2 V 


Output fall time 


tOF 




12 




12 




12 


ns 


2.2 V to 0.8 V 


Small Scale 



Address delay time from CLK 


tOKA 


10 


90 


10 


60 


10 


48 


ns 


Address hold time from CLK 


^HKA 


10 




10 




10 




ns 


PS delay time from CLK i 


tOKP 


10 


90 


10 


60 


10 


50 


ns 


PS float delay time from CLK t 


tpKP 


10 


80 


10 


60 


10 


50 


ns 


Address setup time to ASTB I 


tSAST 


tKKL- 60 




tKKL -30 




tKKL -30 




ns 


Address float delay time from 
CLKi 


tpKA 


^HKA 


80 


tHKA 


60 


tHKA 


50 


ns 


ASTB t delay time from CLK i 


tOKSTH 




80 




50 




40 


ns 


ASTB i delay time from CLK t 


tOKSTL 




85 




55 




45 


ns 


ASTB width high 


tSTST 


tKKL -20 




tKKL - 10 




tKKL -10 




ns 



Cl = 100 pF 



Address hold time from ASTB i tnsTA Ikkh - 10 



tKKH - 10 



tKKH -10 
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AC Characteristics (cent) 

/UPD701 16-5, Ta = -40°C to +85°C, Vdd = +5 V ± 10% 

/yPD701 16-8, A(PD701 16-10, Ta = -10°C to +70 °C, Vqd = +5 V ± 5% 



Parameter 


Symbol 


Min Max 


/iPD70l16-8 
Min Max 


/iPD70116-10 
Min Max 


Unit 


Conditions 


Small Scale |cont| 



Control delay time from CLK toKCT 10 110 10 65 10 55 ns 

Address float to RDi tAPRL ns 

RD I delay time from CLK i toKRL 10 165 10 80 10 70 ns 

RD t delay time from CLK i tpKRH 10 150 10 80 10 60 ns 

Address delay time from RD t toRHA tCYK~45 tcYK^^O tcYK~35 ns 

RD width low tpR 2tcYK-75 2tcYK-50 2tcYK-40 ns Cl = 100 pF 

Data output delay time from toKD 10 90 10 60 10 50 ns 
CLKi 

Data float delay time from tpKD 10 80 10 60 10 50 ns 
CLKi 

WR width low tww 2tcYK-60 2tcYK-40 2tcYK-35 ns 

HLDRQ setup time to CLK t tsHQK 35 20 20 ns 




HLDAK delay time from CLK i 


tOKHA 


10 


160 


10 


100 


10 


60 


ns 


Large Scale 



Address delay time from CLK Iqka 10 90 10 60 10 48 ns 

Address hold time from CLK Ihka 10 10 10 ns 

PS delay time from CLK i toKP 10 90 10 60 10 50 ns 

PS float delay time from CLK t tpKP 10 80 10 60 10 50 ns 

Address float delay time from tpKA ^HKA 80 Ihka 60 Ihka 50 ns 
CLKi 

Address delay time from RD t tpRHA tcYK~"45 tcYK~40 tcYK~35 ns 

ASTB delay time from BS i Idbst 15 15 15 ns 

BS i delay time from CLK t tpKBL 10 110 10 60 10 50 ns 

BS t delay time from CLK i toKBH 10 130 10 65 10 50 ns 

RD i delay time from address Idafrl ns CL = 100pF 
float 

RD i delay time from CLK i Idkrl 10 165 10 80 10 70 ns 

RD t delay time from CLK i Idkrh 10 150 10 80 10 60 ns 

RD width low tRR 2tcYK-75 2tcYK-50 2tcYK-40 ns 

Date output delay time from toKO 10 90 10 60 10 50 ns 
CLKi 

Data float delay time from tpKO 10 80 10 60 10 50 ns 
CLKt 

AK delay time from CLKi toKAK 70 50 40 ns 

RQ setup time to CLK t Isrqk 20 10 9 ns 

RQ hold time after CLK t Imkro 40 30 20 ns 
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Timing Waveforms 



AC Test Input Waveform [Except CLK] 

2.2V 2^ 



2.4V 
0.4V 



)(^ Test Points <^3^ 
0.8V 0.8V 



AC Output Test Points 

-"^ ^J^t Points <j (~ 



2.2V 
0.8V 



2.2V 

!^ 

0.8V 



Clock Tinning 

CLK ; 


— tcYK— 


«KF 'kR 

49-000248A 



Wait [Ready] Timing 

T1 



Ready 



POLL.NMI, INT Input Timing 

CLK 





BUSLOCK Output Timing 
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Timing Waveforms (cont) 



Read Timing [Smali Scale] 




^. 



Jfl 



/ 



X 



Write Timing [Small Scale] 

T4 T1 T2 T3 

CLK 



A,./PS„ 



IZX 



AD,, -AD, j ^ Address J^ Data Output 



y 



^ 



J — ^. 



y 



Program Status 



^C 



E)G 






y 



f 



"V 



X 



Read Timing [Large Scale] 




ynzxzuczDCZDC 



Write Timing [Large Scale] 



T4 T1 T2 T3 



A19/PS3 - 
A,./PS„ 



zzx. 



y Program Status V 



)G 



-AD„ ^ Address J ^ Data 



1 Output 



ASTB . . 

(71088 / \ 

Output) ' ^- 



BSj-BS„ V" 



T 



x: 



f 



----. zz)cz)(iz}(zzxzix: 



49-000234A 
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Timing Waveforms (cont) 




AD„-AD, % 



y~A 



A 



■\ 



^ 



/ 



\ ^ 



BUSLjOCK 



■*~*DKA 



7"^ 



\. 



y 



^ 



■^ A 



Hold Request/Acknowledge Timing [Small Scale] 




:c 



External Master 



/ <J^' 



A,^PS, - A,^PS,, AD„ - AD,,,RD, UBE, lO/M, BUFR/W, WR BUFEN 
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Timing Waveforms (cont) 



Bus Request/Acknowledge Timing [Large Scale] 




70116 Output 



^ 



\ Pulse 3 /- 
Release / 

70116 Input 



HH 



:c 



Coprocessor 



A,^PS3 - A„/PS„, AD,5 - AD,„BSj - BS„, RD, BUSLOCK 
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Register Configuration 

Program Counter [PC] 

The program counter is a 16-bit binary counter tiiat 
contains the segment offset address of the next 
instruction which the EXU is to execute. 

The PC increments each time the microprogram fetches 
an instruction from the instruction queue. A new 
location value is loaded into the PC each time a branch, 
call, return, or break instruction is executed. At this 
time, the contents of the PC are the same as the 
Prefetch Pointer (PFP). 

Prefetch Pointer [PFP] 

The prefetch pointer (PFP) is a 16-bit binary counter 
which contains a segment offset which is used to 
calculate a program memory address that the bus 
control unit (BCU) uses to prefetch the next word for 
the instruction queue. The contents of PFP are an 
offset from the PS (Program Segment) register. 

The PFP is incremented each time the BCU prefetches 
an instruction from the program memory. A new 
location will be loaded into the PFP whenever a branch, 
call, return, or break instruction is executed. At that 
time the contents of the PFP will be the same as those 
of the PC (Program Counter). 

Segment Registers [PS, SS, DSq, and DSi] 

The memory addresses accessed by the /L/PD701 1 6 are 
divided into 64K-byte logical segments. The starting 
(base) address of each segment is specified by a 
1 6-bit segment register, and the offset from this starting 
address is specified by the contents of another register 
or by the effective address. 

These are the four types of segment registers used. 



Segment Register 


Default Offset 


PS (Program Segment) 


PFP 


SS (Stack Segment) 


SP, effective address 


DSq (Data Segment 0) 


IX, effective address 


DSi (Data Segment 1) 


lY 



General-Purpose Registers [AW, BW, CW, and DW] 

There are four 16-bit general-purpose registers. Each 
one can be used as one 16-bit register or as two 8-bit 
registers by dividing them into their high and low bytes 
(AH, AL, BH, BL, CH, CL, DH, DL). 

Each register is also used as a default register for 
processing specific instructions. The default assign- 
ments are: 

AW: Word multiplication/division, word I/O, data 
conversion 



AL: Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH: Byte multiplication/division 

BW: Translation 

CW: Loop control branch, repeat prefix 

CL: Shift instructions, rototation instructions, 
BCD operations 

DW: Word multiplication/division, indirect 
addressing I/O 

Pointers [SP, BP] and Index Registers [IX, lY] 

These registers serve as base pointers or index registers 
when accessing the memory using based addressing, 
indexed addressing, or based indexed addressing. 

These registers can also be used for data transfer and 
arithmetic and logical operations in the same manner 
as the general-purpose registers. They cannot be used 
as 8-bit registers. 

Also, each of these registers acts as a default register 
for specific operations. The default assignments are: 

SP: Stack operations 

IX: Block transfer (source), BCD string operations 

lY: Block transfer (destination), BCD string operations 

Program Status Word [PSW] 

The program status word consists of the following six 
status and four control flags. 



Control Flags 

• MD (Mode) 

• DIR (Direction) 

• IE (Interrupt Enable) 

• BRK (Break) 



Status Flags 

• V (Overflow) 

• S (Sign) 

• Z (Zero) 

• AC (Auxiliary Carry) 

• P (Parity) 

• CY (Carry) 

When the PSW is pushed on the stack, the word images 
of the various flags are as shown here. 

PSW 



15 


14 


13 


12 


11 


10 987654321 


1 


M 
D 


1 


1 


1 


V 


D IBSZOAOP- 
1 E R C 
R K 


1 c 
Y 



The status flags are set and reset depending upon the 
result of each type of instruction executed. 

Instructions are provided to set, reset, and complement 
the CY flag directly. 

Other instructions set and reset the control flags and 
control the operation of the CPU. 
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High-Speed Execution of Instructions 

This section highlights the major architectural features 
that enhance the performance of the/iPD70116. 

• Dual data bus in EXU 

• Effective address generator 

• 16/32-bit temporary registers/shifters (TA, TB) 

• 16-bit loop counter 

• PC and PFP 

Dual Data Bus Method 

To reduce the number of processing steps for in- 
struction execution, the dual data bus method has 
been adopted for the /(/PD70116 (figure 1). The two 
data buses (the main data bus and the subdata bus) are 
both 16 bits wide. For addition/subtraction and logical 
and comparison operations, processing time has been 
speeded up some 30% over single-bus systems. 

Figure 1. Dual Data Buses 



Registers 



/ \ 




V 



A 
V 



V 



Main data bus 



Example 

ADD AW, BW 



AW^AW + BW 



Single Bus Dual Bus 

Step 1 TA *- AW TA ^ AW, TB ^ BW 

Step 2 TB *- BW AW ^ TA + TB 

Step 3 AW ^ TA + TB 

Effective Address Generator 

This circuit (figure 2) performs high-speed processing to 
calculate effective addresses for accessing memory. 

Calculating an effective address by the microprogram- 
ming method normally requires 5 to 12 clock cycles. 
This circuit requires only two clock cycles for 
addresses to be generated for any addressing mode. 
Thus, processing is several times faster. 

16/32-Bit Temporary Registers/Shifters [TA, TB] 

These 16-bit temporary registers/shifters (TA, TB) 
are provided for multiplication/division and shift/ 
rotation instructions. 

These circuits have decreased the execution time of 
multiplication/division instructions. In fact, these 
instructions can be executed about four times faster 
than with the microprogramming method- 

TA + TB: 32-bit temporary register/shifter for multi- 
plication and division instructions. 

TB: 16-bit temporary register/shifter for shift/rotation 
instructions. 

Figure 2. Effective Address Generator 



m 











First and second byte of instruction 






' 


' 






EA Generator 






Effectiv* 


> address 


83-0001 74A 
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Loop Counter [LC] 

This counter is used to count the number of loops for a 
primitive block transfer instruction controlled by a 
repeat prefix instruction and the number of shifts that 
will be performed for a multiple bit shift/rotation in- 
struction. 

The processing performed for a multiple bit rotation of 
a register is shown below. The average speed is 
approximately doubled overthe microprogram method. 

Example 

RORC AW, CL ;CL = 5 

Microprogram method LC method 

8 + (4x5) = 28 clocks 7 + 5 = 12 clocks 

Program Counter and Prefetch Pointer [PC and PFP] 

The//PD70T1 6 microprocessor has a program counter, 
(PC) which addresses the program memory location of 
the instruction to be executed next, and a prefetch 
pointer(PFP), which addresses the program memory 
location to be accessed next. Both functions are 
provided in hardware. A time saving of several clocks 
is realized for branch, call, return, and break instruction 
execution, compared with microprocessors that have 
only one instruction pointer. 

Enhanced Instructions 

in addition to the /uPD8088/86 instructions, the 
//PD701 16 has the following enhanced instructions. 



Instruction 


Function 


PUSH Imm 


Pushes immediate data onto stack 


PUSHR 


Pushes 8 general registers onto stack 


POPR 


Pops 8 general registers from stack 


MUL imm 


Executes 16-bit multiply of register or memory contents 
by immediate data 



SHLimm8 
SHR imm8 
SHRA imm8 
ROL Imm8 
ROR immS 
ROLC immS 
RORC ImmS 



Shifts/rotates register or memory by immediate 
value 



CHKIND 



Checks array index against designated boundaries 



INM 



Moves a string from an I/O port to memory 



OUTM 



Moves a string from memory to an I/O port 



PREPARE Allocates an area for a stack frame and copies previous 

frame pointers 



DISPOSE 



Frees the current stack frame on a procedure exit 



Enhanced Stack Operation instructions 

PUSH imm 

This instruction allows immediate data to be pushed 
onto the stack. 

PUSH R/POP R 

These instructions allow the contents of the eight 
general registers to be pushed onto or popped from 
the stack with a single instruction. 

Enhanced IVIuitiplication instructions 

iVIUL reg16, imm16/MUL mem16, imm16 

These instructions allow the contents of a register or 
memory location to be multiplied by immediate data. 

Enhanced Shift and Rotate instructions 

SHL reg, immS/SHR reg, imm8/SHRA reg, ImmS 

These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 

ROL reg, imm8/R0R reg, immS/ROLC reg, ImmS/ 
RORC reg, immS 

These instructions allow the contents of a register to be 
rotated by the number of bits defined by the immediate 
data. 

Checi( Array Boundary instruction 

CHKIND regie, mem32 

This instruction is used to verify that index values 
pointing to the elements of an array data structure are 
within the defined range. The lower limit of the array 
should be in memory location mem32, the upper limit 
in mem32 + 2. If the index value in regie is not between 
these limits when CHKIND is executed, a BRK 5 will 
occur. This causes a jump to the location in interrupt 
vector 5. 

Block I/O Instructions 

OUTM DW, src-block/INM dst-block, DW 

These instructions are used to output or input a string 
to or from memory, when preceded by a repeat prefix. 

Stack Frame Instructions 

PREPARE imm16, ImmS 

This instruction is used to generate the stack frames 
required by block-structured languages, such as 
PASCAL and Ada. The stack frame consists of two 
areas. One area has a pointer that points to another 
frame which has variables that the current frame car 
access. The other is a local variable area for the curreni 
procedure. 
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DISPOSE 

This instruction releases the last stack frame generated 
by the PREPARE instruction. It returns the stacl< and 
base pointers to the values they had before the 
PREPARE instruction was used to call a procedure. 

Unique Instructions 

In addition to the yuPD8088/86 instructions and the 
enhanced instructions, the//PD70116 has the following 
unique instructions. 



Instruction 


Function 


INS 


Insert bitfield 


EXT 


Extract bit field 


ADD4S 


Adds packed decimal strings 


SUB4S 


Subtracts one packed decimal string from another 


CMP4S 


Compares two packed decimal strings 


R0L4 


Rotates one BCD digit left through AL lower 4 bits 


R0R4 


Rotates one BCD digit right through AL lower 4 bits 


TEST1 


Tests a specified bit and sets/resets Z flag 


N0T1 


Inverts a specified bit 


CLR1 


Clears a specified bit 


SET1 


Sets a specified bit 


REPC 


Repeats next Instruction until CY flag is cleared 


REPNC 


Repeats next instruction until CY flag is set 


FP02 


Additional floating point processor call 



Variable Length Bit Field Operation Instructions 

This category has two instructions: INS (Insert Bit 
Field) and EXT (Extract Bit Field). These instructions 
are highly effective for computer graphics and high- 
level languages. They can, for example, be used for 
data structures such as packed arrays and record type 
data used in PASCAL. 

INS regS, reg8/INS regS, Imm4 

This instruction (figure 3) transfers low bits from the 
16-bit AW register (the number of bits is specified by 
the second operand) to the memory location specified 
by the segment base (DSi register) plus the byte offset 
(lY register). The starting bit position within this byte is 
specified as an offset by the lower 4-bits of the first 
operand. 

After each complete data transfer, the lY register and 
the register specified by the first operand are auto- 
matically updated to point to the next bit field. 

Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 1 6-bits, only the 
lower 4-bits of the specified register (OOH to OFH) will 
be valid. 

Bit field data may overlap the byte boundary of memory. 



E 



Figure 3. Bit Field Insertion 





Bit length _ 


15 







//// 



WZA 



Byte boundary 



Segment base (DSI) 
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EXT regS, reg8/EXT regS, imm4 

This instruction (figure 4) loads to the AW register the 
bit field data whose bit length is specified by the 
second operand of the instruction from the memory 
location that is specified by the DSO segment register 
(segment base), the IX index register (byte offset), and 
the lower 4-bits of the first operand (bit offset). 

After the transfer is complete, the IX register and the 
lower 4-bits of the first operand are automatically 
updated to point to the next bit field. 

Either immediate data or a register may be specified for 
the second operand. Because the maximum trans- 
ferrable bit length is 16 bits, however, only the lower 
4-bits of the specified register (OH to OFH) will be valid. 

Bitfield data may overlap the byte boundary of memory. 

Packed BCD Operation Instructions 

The instructions described here process pacl<ed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or 
byte-format operands (R0R4, R0L4). Packed BCD 
strings may be from 1 to 254 digits in length. 

When the number of digits is even, the zero and carry 
flags will be set according to the result of the operation. 
When the number of digits is odd, the zero and carry 
flags may not be set correctly in this case, (CL = odd), 
the zero flag will not be set unless the upper 4 bits of the 
highest byte are all zero. The carry flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 



ADD4S 

This instruction adds the pacl<ed BCD string addressed 
by the IX index register to the packed BCD string 
addressed by the lY index register, and stores the 
result in the string addressed by the lY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 

BCD string (lY, CL) *- BCD string (lY, CL) + BCD 
string (IX, CL) 

SUB4S 

This instruction subtracts the packed BCD string 
addressed by the IX index register from the packed 
BCD string addressed by the I Y register, and stores the 
result in the string addressed by the lY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 

BCD string (lY, CL) *- BCD string (lY, CL) - BCD 
String (IX, CL) 

CMP4S 

This instruction performs the same operation as 
SUB4S except that the result is not stored and only the 
overflow (V), carry flags (CY) and zero flag (Z) are 
affected. 

BCD string (lY, CL) - BCD string (IX, CL) 



Figure 4. Bit Field Extraction 



Bit length 



WZA 



Byte offset (DO 



Byte Boundary 



Segment base (DSO) 



"1° 1//// 
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R0L4 

This instruction (figure 5) treats tlie byte data of the 
register or memory operand specified by the instruction 
as BCD data and uses the lower 4 bits of the AL register 
(ALl) to rotate that data one BCD digit to the left. 

Figure 5. BCD Rotate Lett (R0L4) 





7 




AL 









neg/mem 








Upper 
4 bits 


Lower 
4 bits 




Upper 
4 bits 


Lower 
4 bits 


















1 


















83-0001 08A 



R0R4 

This instruction (figure 6) treats the byte data of the 
register or memory specified by the instruction as BCD 
data and uses the lower 4 bits of the AL register (ALl) to 
rotate that data one BCD digit to the right. 

Figure 6. BCD Rotate Rigtit (R0R4) 
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bit Manipulation instructions 

TESTI 

This instruction tests a specific bit in a register or 
Tiemory location. If the bit is 1 , the Z flag is reset to 0. If 
:he bit is 0, the Z flag is set to 1 . 

^OT1 

This instruction inverts a specific bit in a register or 
nemory location. 

:lri 

'his instruction clears a specific bit in a register or 
nemory location. 

»ET1 

"his instruction sets a specific bit in a register or 
lemory location. 

lepeat Prefix instructions 

[epc 

jhis instruction causes the //PD70116 to repeat the 
i)llowing primitive block transfer instruction until the 



REPNC 

This instruction causes the //PD70116 to repeat the 
following primitive block transfer instruction until the 
CY flag becomes set or the CW register becomes zero. 

Floating Point instruction 

FP02 

This instruction is in addition to the //PD8088/86 
floating point instruction, FP01. These instructions 
are covered in a later section. 

Mode Operation instruction 

The //PD70116 has two operating modes (figure 7). 
One is the native mode which executes yuPD8088/86, 
enhanced and unique instructions. The other is the 
8080 emulation mode in which the instruction set of 
the A'PD8080AF is emulated. A mode flag (MD) is 
provided to select between these two modes. Native 
mode is selected when MD is 1 and emulation mode 
when MD is 0. MD is set and reset, directly and 
indirectly, by executing the mode manipulation 
instructions. 

Two instructions are provided to switch operation 
from the native mode to the emulation mode and back. 

BRKEM (Break for Emulation) 
RETEM (Return from Emulation) 

Two instructions are used to switch from the emulation 
mode to the native mode and back. 

CALLN (Call Native Routine) 
RETI (Return from Interrupt) 

The system will return from the 8080 emulation mode 
to the native mode when the RESET signal is present, 
or when an external interrupt (NMI or INT) is present. 

Figure 7. V30 Afotfes 




Y flag becomes cleared or the CW register becomes 



3ro. 



HOLD REQ/HOLD ACK 




\ 

Standby 
Mode 
HOLD REO/HOLD ACK 



3-81 



//PD70116(V30) 



^£'C 



BRKEM immS 

This is the basic instruction used to start tiie 8080 
emulation mode. Tliis instruction operatiss exactly the 
same as the BRK instruction, except that BRKEM 
resets the mode flag (MD) to 0. PSW, PS, and PC are 
saved to the stack. MD is then resetand the interrupt vector 
specified by the operand imm8 of this command is 
loaded into PS and PC. 

The instruction codes of the interrupt processing 
routine jumped to are then fetched. Then the CPU 
executes these codes as //PD8080AF instructions. 

In 8080 emulation mode, registers and flags of the 
/[yPD8080AF are performed by the following registers 
and flags of the A(PD70116. 





//PD8080AF 


/UPD701I6 


Registers: 


A 


AL 




B 


CH 




C 


CL 




D 


DH 




E 


DL 




H 


BH 




L 


BL 




SP 


BP 




PC 


PC 


Flags: 


C 


CY 




Z 


Z 




S 


S 




P 


P 




AC 


AC 



In the native mode, SP is used for the stack pointer. In the 
8080 emulation mode this function is performed by BP. 

This use of independent stack pointers allov\^s indepen- 
dent stack areas to be secured for each mode and 
keeps the stack of one of the modes from being 
destroyed by an erroneous stack operation in the other 
mode. 

The SP, IX, lY and AH registers and the four segment 
registers (PS, SS, DSq, and DSi) used in the native 
mode are not affected by operations in 8080 emulation 
mode. 

In the 8080 emulation mode, the segment register for 
instructions is determined by the PS register (set 
automatically by the interrupt vector) and the segment 
register for data is the DSq register (set by the 
programmer immediately before the 8080 emulation 
mode is entered). 

It is prohibited to nest BRKEM instructions. 



RETEM [no operand] 

When RETEM is executed in 8080 emulation mode 
(interpreted by the CPU as aA/PD8080AF instruction), 
the CPU restores PS, PC, and PSW (as it would when 
returning from an interrupt processing routine), and 
returns to the native mode. At the same time, the 
contents of the mode flag (M D) which was saved to the 
stack by the BRKEM instruction, is restored to MD = 1 . 
The CPU is set to the native mode. 

CALLN immS 

This instruction makes it possible to call the native 
mode subroutines from the 8080 emulation mode. To 
return from subroutine to the 8080 emulation mode, the 
RETI instruction is used. 

The processing performed when this instruction is 
executed in the 8080 emulation mode (it is interpreted 
by the CPU as a(PD8080AF instruction), is similar to 
that performed when a BRK instruction is executed in the 
native mode. The immS operand specifies an interrupt 
vector type. The contents of PS, PC, and PSW are 
pushed on the stack and an MD flag value of is saved. 
The mode flag is set to 1 and the interrupt vector 
specified by the operand is loaded into PS and PC. 

RETI [no operand] 

This is a general-purpose instruction used to return 
from interrupt routines entered by the BRK instruction 
or by an external interrupt in the native mode. When 
this instruction is executed at the end of a subroutine 
entered by the execution of the CALLN instruction, the 
operation that restores PS, PC, and PSW is exactly the 
same as the native mode (execution. When PSW is 
restored, however, the 8080 emulation mode value of 
the mode flag (MD) is restored, the CPU is set in 
emulation mode, and all subsequent instructions are 
interpreted and executed as/!/PD8080AF instructions. ' 

RETI is also used to return from an interrupt procedure 
initiated by an NMI or INT interrupt in the emulation 
mode. 

Floating Point Operation Ciiip 
instructions 

FP01 fp-op, mem 

FP02 fp-op, mem 

These instructions are used for the external floatingi 
point processor. The floating point operation is passed! 
to the floating point processor when the CPU fetchesl 
one of these instructions. From this point the CPUl 
performs only the necessary auxiliary processing! 
(effective address calculation, generation of physical 
addresses, and start-up of the memory read cycle). 
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The floating point processor always monitors the 
instructions fetched by the CPU. When it interprets one 
as an instruction to itself, it performs the appropriate 
processing. At this time, the floating point processor 
chip uses either the address alone or both the address 
and read data of the memory read cycle executed by the 
CPU. This difference in the data used depends on 
which of these instructions is executed. 

Note: During the memory read cycle initiated by the CPU for FP01 
or FP02 execution, the CPU does not accept any read data 
on the data bus from memory. Although the CPU generates 
the memory address, the data is used by the floating point 
processor. 

Interrupt Operation 

The interrupts used in theyuPD70116 can be divided 
into two types: interrupts generated by external inter- 
rupt requests and interrupts generated by software 
processing. These are the classifications. 

External interrupts 

(a) NMI input (nonmaskable) 

(b) INT input (maskable) 

Software processing 

As the result of Instruction execution 

— When a divide error occurs during execution 
of the DIV or DIVU instruction 

— When a memory-boundary-over error is detected 
by the CHKIND instruction 

Conditional break instruction 

— When V = 1 during execution of the BRKV 
instruction 

Unconditional break instructions 

— 1 -byte break instruction: BRK3 

— 2-byte break instruction: BRK imm8 

=lag processing 

— When stack operations are used to set the 
BRK flag 

J080 Emulation mode instructions 

— BRKEM imm8 

— CALLN immS 

Jtarting addresses for interrupt processing routines 
ire either determined automatically by a single location 
tf the interrupt vector table or selected each time 
iterrupt processing is entered. 



The interrupt vector table is shown in figure 8. The 
table uses IK bytes of memory addresses OOOH to 
3FFH and can store starting address data for a 
maximum of 256 vectors (4 bytes per vector). 

The corresponding interrupt sources for vectors 
to 5 are predetermined and vectors 6 to 31 are reserved. 
These vectors consequently cannot be used for 
general applications. 

The BRKEM instruction and CALLN instruction (in the 
emulation mode) and the INT input are available for 
general applications for vectors 32 to 255. 

A single interrupt vector is made up of 4 bytes (figure 9) . 
The 2 bytes in the low addresses of memory are 
loaded into PC as the offset, and the high 2 bytes are 
loaded into PS as the base address. The bytes are 
combined in reverse order. The lower-order bytes in 
the vector become the most significant bytes in the PC 
and PS, and the higher-order bytes become the least 
significant bytes. 

Figure 8. Interrupt Vector Table 



E 



OOOH 
004H 
008H 
OOOH 
01 OH 
014H 
01 8H 

07CH 
080H 



Divide Error 

Break Flag 

NMI Input 

BRK 3 Instruction 

BRKV Instruction 

CHKIND Instruction 



- • BRK ImmS instruction 

• BRKEM Instruction 

• INT input [External] 

• CALLN Instruction 
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Figure 9. 


Interrupt Vector 








VbctorO 


83-0001 12A 




OOOH [ 001H 


002H j 003H 




PS<-(003H,002H) 
PC^(001H,OOOH) 



Based on this format, the contents of each vector 
should be initialized at the beginning of the program. 

The basic steps to jump to an interrupt processing 
routine are now shown. 

(SP-1,SP-2)^PSW 

(SP-3, SP-4)^PS 

(SP-5, SP-6)^PC 

SP*-SP-6 

lE^O, BRK^O, MD^I 

PS ♦- vector high bytes 

PC *- vector low bytes 

Standby Function 

The fJPD70^^6 has a standby mode to reduce power 
consumption during program wait states. This mode is 
set by the HALT instruction in both the native and the 
emulation mode. 

In the standby mode, the internal clock is supplied only 
to those circuits related to functions required to 
release this mode and bus hold control functions. As a 
result, power consumption can be reduced to 1/10 the 
level of normal operation in either native or emulation 
mode. 

The standby mode is released by inputting a RESET 
signal or an external interrupt (NMI, INT). 

The bus hold function is effective during standby 
mode. The CPU returns to standby mode when the bus 
hold request is removed. 

During standby mode, all control outputs are disabled 
and the addres/data bus will be at either high or low 
levels. 



Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
coverthese operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre- 
fetched and is present in the six-byte instruction 
queue. Otherwise, add four clocks for each pair of 
bytes not present. 

Add four clocks to the numbers given for each word 
transfer to an odd address. 

For instructions that reference memory operands, the 
number on the left side of the slash (/) is for byte 
operands and the number on the right side is for word 
operands. 

For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 



Symbol 


Meaning 


ace 


Accumulator (AW or AL) 


disp 


Displacement (8 or 16 bits) 


dmem 


Direct memory address 


dst 


Destination operand or address 


ext-dlsp8 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


farJabel 


Label within a different program 
segment 


far_proc 


Procedure within a diflerent program 
segment | 


tP-op 


Floating point instruction operation j 


imm 


8- or 16-bit immediate operand 1 
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Symbols (cont) 



Symbol 


Meaning 


imm3/4 


3/4-bit immediate bit offset 


imm8 


8-bit immediate operand 


immie 


16-bit immediate operand 


mem 


IVIemory field (000 to 111); 
8- or 16-bit memory location 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


memptrie 


Word containing the destination address 
within the current segment 


memptr32 


Double word containing a destination 
address in another segment 


mod 


Mode field (00 to 10) 


nearJabel 


Label within the current segment 


near_proc 


Procedure within the current segment 


offset 


Immediate offset data (16 bits) 


pop_value 


Number of bytes to discard from the stack 


reg 


Register field (000 to 111); 

8- or 16-bit general-purpose register 


regS 


8-bit general-purpose register 


regie 


16-bit general-purpose register 


regptr 


16-bit register containing a destination 
address within the current segment 


regptr16 


Register containing a destination address 
within the current segment 


sag 


Immediate segment data (16 bits) 


shorUabel 


Label between -128 and +127 bytes from 
the end of the current instruction 


sr 


Segment register 


src 


Source operand or address 


temp 


Temporary register (8/16/32 bits) 


tmpcy 


Temporary carry flag (1 bit) 


AC 


Auxiliary carry flag 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


AND 


Logical product 


|AW 


Accumulator (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


BP 


BP register 


BRK 


Break flag 


BW 


BW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 



Symbol 


Meaning 


CW 


CW register (16 bits) 


CY 


Carry flag 


DH 


DW register (high byte) 


OIR 


Direction flag 


DL 


DW register (low byte) 


DSO 


Data segment register (16 bits) 


DS1 


Data segment 1 register (16 bits) 


DW 


DW register (16 bits) 


IE 


Interrupt enable flag 


IX 


Index register (source) (16 bits) 


lY 


Index register (destination) (16 bits) 


MD 


Mode flag 


OR 


Logical sum 


P 


Parity flag 


PC 


Program counter (16 bits) 


PS 


Program segment register (16 bits) 


PSW 


Program status word (16 bits) 


R 


Register set 


S 


Sign extend operand field 
S = No sign extension 
S = 1 Sign extend immediate byte 
operand 


s 


Sign flag 


SP 


Stack pointer (16 bits) 


ss 


Stack segment register (16 bits) 


V 


Overflow flag 


w 


Word/byte field (0 to 1) 


X, XXX, YYY, III 


Data to identify the instruction code of the 
external floating point arithmetic chip 


XOR 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 


Z 


Zero flag 





Values in parentheses are memory contents 


*- 


Transfer direction 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


^ 


Division 


% 


Modulo 



E 
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Flag Operations 



Register Selection (mod —11) 



Symbol 


Meaning 




(blank) 


No change 







Cleared to 




1 Set to 1 


X 


Set or cleared according to result 


u 


Undefined 




R 


Restored to previous state 


Memory Addressing Modes 


mem mod = 00 


mod = 01 


mod = 10 


OOO BW + IX 


BW + IX + disp8 


BW + IX + dispie 


001 BW + lY 


BW + lY + disp8 


BW + lY + dispie 


010 BP + IX 


BP + IX + disp8 


BP + IX + dispie 


Oil BP + IY 


BP + lY + dispB 


BP + IY + dispie 


1O0 IX 


IX + dispS 


IX + dispie 


101 lY 


lY + dispS 


lY + dispie 


110 Direct 


BP + dispB 


BP + dispie 


111 BW 


BW + dispB 


BW + dispie 



reg W = 


W = l 


000 AL 


AW 


001 CL 


CW 


010 DL 


DW 


Oil BL 


BW 


100 AH 


SP 


101 CH 


BP 


110 DM 


IX 


111 BH 


lY 


Segment Register Selection 


sr Segment Register 


00 DS1 


01 PS 


10 SS 


11 DSO 



Instruction Set 



Mnemonic 



Operand 



7 6 5 4 3 2 1 



Opcode 
7 6 5 4 3 2 1 



Clocks Bytes 



Flags 
AC CY V P S Z 



Data Transfer Instructions 



MOV 



reg, reg 




1 








1 





1 


w 


1 1 




reg 


reg 


2 


2 




mem, reg 




1 








1 








w 


mod 




reg 


mem 


9 


2-4 




reg, mem 




1 








1 





1 


w 


mod 




reg 


mem 


11 


2-4 




mem, imm 




1 1 











1 


1 


w 


mod 




reg 


mem 


11 


3-e 




reg, imm 




1 


1 


1 


w 




reg 












4 


2-3 




ace, dmem 




1 


1 














w 










10 


3 




dmem, ace 




1 


1 











1 


w 










9 


3 




sr, regie 




1 








1 




1 





1 1 





sr 


reg 


2 


2 




sr, memie 




1 








1 




1 





mod 





sr 


mem 


11 


2-4 




regie, sr 




1 








1 










1 1 





sr 


reg 


2 


2 




memie, sr 




1 








1 










mod 





sr 


mem 


10 


2-4 




DSO, regie, mem32 


1 1 
















1 


mod 




reg 


mem 


18 


2-4 




DS1, regie. 


mem32 


1 1 



















mod 




reg 


mem 


18 


2^4 


■ 


AH, PSW 




1 





1 


1 




1 


1 










2 


1 





PSW, AH 



10 11110 



LDEA 


regie, mem 


16 


10 110 1 


mod 


reg 


mem 


4 


2-4 


TRANS 


src-table 




110 10 111 








9 


1 


XCH 


reg, reg 




1 1 1 W 


1 1 


reg 


reg 


3 


2 




mem, reg 




1 1 1 W 


mod 


reg 


mem 


16 


2-4 




AW, regie 




10 10 reg 








3 


1 
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Instruction Set (cont) 


Mnemonic Operand 


7 


6 


5 


4 


3 


2 


1 


Opcode 
7 6 


5 


4 


3 


2 





Clocks 


Bytes 


Flags 
AC CY V P S Z 


Repeat Prefixes 


REPC 





1 


1 








1 





1 














2 


1 




REPNC 





1 


1 








1 




















2 


1 




REP 

REPE 

REPZ 


1 


1 


1 


1 








1 


1 














2 


1 




REPNE 
REPNZ 


1 


1 


1 


1 








1 

















2 


1 




Blocl( Transfer Instructions 


MOVBK dst, src 















1 





w 














11+8n 






CMPBK dst, src 















1 


1 


w 














7 + 14n 




X X X X X X 


CMPM dst 












1 


1 


1 


w 














7 + 10n 




X X X X X X 


LDM src 












1 


1 





w 














7 + 9n 






STM dst 












1 





1 


w 














7 + 4n 
























n = 


number of transfers 








I/O Instructions 




IN 


ace, immS 


1 


1 







w 


9 


2 




ace, DW 


1 


1 


1 




w 


8 


1 


OUT 


immS, ace 


1 


1 







1 w 


8 


2 




DW, ace 


1 


1 


1 




1 w 


8 


1 


INM 


dst, DW 





1 


1 




w 


9 + 8n 


1 


OUTM 


DW, src 





1 


1 




1 w 


9 + 8n 


1 



n = number of transfers 



BCD Instructions 



ADJBA 










1 


1 







1 1 


















3 


1 


X 


X 


u 


u 


u 


u 


ADJ4A 










1 










1 1 


















3 


1 


X 


X 


u 


X 


X 


X 


ADJBS 










1 


1 






1 1 


















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4S 










1 









1 1 


















7 


1 


X 


X 


u 


X 


X 


X 


ADD4S 


dst, src 


















1 1 








1 

















7 + 19n 


2 


u 


X 


u 


u 


u 


X 


SUB4S 


dst, src 


















1 1 








1 











1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


CMP4S 


dst, src 


















1 1 








1 








1 


1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


R0L4 


reg8 



1 




1 















1 1 

reg 








1 





1 











25 


3 
















memS 



mod 















1 1 
mem 








1 





1 











28 


3-5 














R0R4 


reg8 




1 




1 














1 1 
reg 








1 





1 





1 





29 


3 
















mem8 


















1 1 








1 





1 





1 





33 


3-5 















mod mem 

n = number of BCD digits divided by 2 
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Instruction Set (cont) 


Mnemonic Operand 7 6 5 4 3 2 10 


Ipcode 

7 6 5 4 3 2 





Clocks 


Bytes 


Flags 
AC CY V P S Z 


Data Type Conversion Instructions 


CVTBD 110 10 10 


10 





15 


2 


U U U X X X 


CVTDB 110 10 10 1 


10 1 





7 


2 


U U U X X X 


CVTBW 10 110 






2 


1 




CVTWL 10 110 1 






4-5 


1 




Arithmetic instructions 



ADD 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 W 11 



reg 



reg 



OOOOOOOW mod 



reg 



16 



2-4 



1 W 



mod 



reg 



2-4 



100000SW 11000 



reg 



3-4 



100000SW mod 000 



18 



3-6 



1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



ADDC 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 1 W 11 



reg 



reg 



1 W mod reg 



16 



2-4 



1 1 W mod reg 



2-4 



100000SW 11010 



reg 



3-4 



100000SW mod 010 mem 



18 



3-6 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



ace, imm 



1 1 W 



2-3 



X X X X X X 



SUB 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 1 W 11 



reg 



reg 



1 1 W mod reg 



16 



2-4 



1 1 1 W mod reg 



2-4 



100000SW 11101 



reg 



3-4 



100000SW mod 101 



18 



3-6 



1 1 1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



SUBC 



reg, reg 



1 1 1 W 11 



reg 



reg 



X X X X X X 



mem, reg 



reg, mem 



1 1 W mod reg 



16 



2-4 



1 1 1 W mod 



reg 



2-4 



X X X X X X 



X X X X X X 





reg, imm 



















s w 


1 1 





1 


1 


reg 


4 


3-4 


X 


X 


X 


X 


X X 




mem, Imm 



















s w 


mod 





1 


1 


mem 


18 


3-6 


X 


X 


X 


X 


X X 




ace, imm 













1 




w 












4 


2-3 


X 


X 


X 


X 


X X 


INC 


reg8 










1 




1 


1 1 











reg 


2 


2 


X 




X 


X 


X X 




mem 










1 




1 w 


mod 











mem 


16 


2-4 


X 




X 


X 


X X 




reg 16 


















reg 












2 


1 


X 




X 


X 


X X 


DEC 


reg8 










1 




1 


1 1 








1 


reg 


2 


2 


X 




X 


X 


X X 




mem 










1 




1 W 


mod 








1 


mem 


16 


2-4 


X 




X 


X 


X X 




reg 16 













1 




reg 












2 


1 


X 




X 


X 


X X 


MULU 


reg 















1 W 


1 1 


1 








reg 


21-30 


2 


u 


X 


X 


u 


u u 




mem 















1 W 


mod 


1 








mem 


27-36 


2-4 


u 


X 


X 


u 


u u 



3-88 



SEC 



//PD70116(V30) 



Instruction Set (cont) 



Mnemonic 



7 6 5 4 3 2 1 



Opcode 
7 



5 4 3 2 10 Clocks Bytes AC CY V P S Z 



Arithmetic Instructions (cont) 



MUL 



reg 



reg16,reg16,imm8 



reg16,mem16,imm8 



reg16,reg16,imm16 



CMP 



TEST 



reg, reg 



mem, reg 



reg, imm 



mem, imm 



ace, imm 



1111011W 11101 



reg 



33-47 



1 1 1 1 1 1 W mod 1 1 



39-53 2-4 



110 10 11 



1 1 



reg 



reg 



28-34 



110 10 11 



mod reg 



34-40 3-5 



110 10 1 



1 1 



reg 



reg 



36-42 



1 1 W 11 



reg 



reg 



1 1 W mod reg 



10 



2-4 



1111011W 11000 



reg 



3-4 



1 1 1 1 1 1 W mod 



3-6 



1 1 1 W 



2-3 



U X X u u u 



U X X u u u 



U X X u u u 



U X X u u u 



U X X u u u 



regie. 


mem16,i 


immlS 


1 


1 1 


1 


mod 


reg 


mem 


46-48 


4-6 


u 


X 


X 


u 


u 


u 


DIVU reg 






1 1 


1 1 


1 1 W 


1 1 


1 1 


reg 


19-25 


2 


u 


u 


u 


u 


u 


u 


mem 






1 1 


1 1 


1 1 W 


mod 


1 1 


mem 


25-31 


2-4 


u 


u 


u 


u 


u 


u 


DIV reg 






1 1 


1 1 


1 1 W 


1 1 


1 1 1 


reg 


29-43 


2 


u 


u 


u 


u 


u 


u 


mem 






1 1 


1 1 


1 1 W 


mod 


1 1 1 


mem 


35-49 


2-4 


u 


u 


u 


u 


u 


u 


Comparison instructions 




reg, reg 





Oil 1 1 w 


1 1 


reg 


reg 


2 


2 


X X 


X 


X 


X 


X 


mem, reg 





1 1 1 w 


mod 


reg 


mem 


11 


2-4 


X X 


X 


X 


X 


X 


reg, mem 





1 1 1 1 w 


mod 


reg 


mem 


11 


2-4 


X X 


X 


X 


X 


X 


reg, imm 


1 


s w 


1 1 


1 1 1 


reg 


4 


3-4 


X X 


X 


X 


X 


X 


mem, imm 


1 


s w 


mod 


1 1 1 


mem 


13 


3-6 


X X 


X 


X 


X 


X 



ace, imm 


1 


1 1 1 W 






4 


2-3 


X X X X X X 


Logical Instructions 


NOT reg 


1 1 1 


1 1 1 w 


110 10 


reg 


2 


2 




mem 


111 


1 1 1 w 


mod 1 


mem 


16 


2-4 




NEG reg 


1 1 1 


1 1 1 w 


110 11 


reg 


2 


2 


X X X X X X 


mem 


1 1 1 


1 1 1 w 


mod 1 1 


mem 


16 


2-4 


X X X X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



<\ND 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 1 W 11 



reg 



reg 



1 W mod reg 



16 



2-4 



1 1 W mod reg 



2-4 



1000000W 11100 



reg 



3-4 



1 W mod 1 



3-6 



1 1 W 



2-3 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 1 W 11 



reg 



reg 



1 W mod 



reg 



2-4 



1 1 W mod reg 



2-4 



1000000W 11001 



reg 



3-4 



1000000W mod 001 



3-6 



1 1 W 



2-3 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 
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Instruction Set (cont) 


Mnemonic Operand 


7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Logical Instructions (cont) 



XOR 



reg, reg 





110 





1 w 


1 1 


reg 




reg 


2 


2 


u 








X 


X 


X 


mem, reg 





110 





w 


mod 


reg 




mem 


16 


2-4 


u 








X 


X 


X 


reg, mem 





110 





1 w 


mod 


reg 




mem 


11 


2-4 


u 








X 


X 


X 


reg, imm 


1 








w 


1 1 


1 1 





reg 


4 


3-4 


u 








X 


X 


X 


mem, imm 


1 








w 


mod 


1 1 





mem 


18 


3-6 


u 








X 


X 


X 





ace, imm 





1 





1 


w 
















4 


2-3 


u 








X 


X 


X 


Bit Manipulation Instructions 




INS 


reg8, reg8 




1 1 






reg 




1 1 
reg 








1 1 











1 


31-117 


3 
















reg8, immS 




1 1 










1 1 


1 1 
reg 








1 1 


1 








1 


31-117 


4 














EXT 


regS, regS 




1 1 






reg 




1 1 
reg 








1 1 








1 


1 


26-55 


3 
















regS, imm8 




1 1 












1 1 
reg 








1 1 


1 





1 


1 


26-55 


4 














TEST1 


reg, CL 




1 1 












1 1 
reg 








1 











w 


3 


3 


u 








u 


u 


X 




mem, CL 



mod 












1 1 
mem 




















w 


12 


3-5 


u 








u 


u 


X 




reg, imm3/4 




1 1 












1 1 
reg 








1 


1 








w 


4 


4 


u 








u 


u 


X 




mem, imm3/4 



mod 












1 1 
mem 











1 








w 


13 


4-6 


u 








u 


u 


X 


SET1 


reg, CL 




1 1 












1 1 
reg 














1 





w 


4 


3 
















mem, CL 



mod 












1 1 
mem 














1 





w 


13 


3-5 
















reg, imm3/4 




1 1 












111 
reg 











1 


1 





w 


5 


4 
















mem, imm3/4 



mod 












1 1 1 
mem 











1 


1 





w 


14 


4-6 
















CY 


1 1 


1 


1 


1 


3 1 
















2 


1 




1 












DiR 


1 1 


1 


1 




1 
















2 


1 














CLR1 


reg, CL 




1 1 












1 1 1 
reg 

















1 


w 


5 


3 
















mem, CL 



mod 













1 1 1 
mem 

















1 


w 


14 


3-5 
















reg, imm3/4 




1 1 












1 1 1 
reg 











1 





1 


w 


6 


4 
















mem, imm3/4 



mod 













1 1 1 
mem 











1 1 





1 


w 


15 


4-6 
















CY 


1 1 


1 


1 


1 


3 
















2 


1 

















DiR 


1 1 


1 


1 




1 
















2 


1 
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Instruction Set (cont) 



Mnemonic 



7 6 5 4 3 2 1 



Opcode 
7 



5 4 3 2 10 Clacks Bytes AC CY V P S Z 



Bit l\/lanipuiation instructions (cont) 



N0T1 


reg, CL 




1 1 










1 






1 

reg 


1 








1 





1 1 w 


4 


3 
















mem, CL 



mod 










1 






1 1 

nem 








1 





1 1 w 


18 


3-5 
















reg, imm3/4 




1 1 










1 






1 
reg 


1 








1 


1 


1 1 w 


5 


4 
















mem, imm3/4 



mod 










1 






1 1 
nem 








1 


1 


1 1 w 


19 


4-6 
















CY 


1 1 


1 


1 










1 












2 


1 




X 










Sttift/Rotate instructions 


SHL 


reg,1 







1 











w 












reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 







1 











w 


mod 










mem 


16 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 







1 








1 


w 












reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 







1 








1 


w 


mod 










mem 


19 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 



















w 












reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 



















w 


mod 










mem 


19 + n 


3-5 


u 


X 


u 


X 


X 


X 


SHR 


reg, 1 







1 











w 











reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 







1 











w 


mod 









mem 


16 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 







1 








1 


w 











reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 







1 








1 


w 


mod 









mem 


19 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 



















w 











reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, immS 



















w 


mod 









mem 


19 + n 


3-5 


u 


X 


u 


X 


X 


X 






















n = 


number of siiifts 


















SHRA 


reg, 1 







1 











w 










reg 


2 


2 


u 


X 





X 


X 


X 




mem, 1 







1 











w 


mod 








mem 


16 


2-4 


u 


X 





X 


X 


X 




reg, CL 







1 








1 


w 










reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 







1 








1 


w 


mod 








mem 


19 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, immS 



















w 










reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, immS 



















w 


mod 








mem 


19 + n 


3-5 


u 


X 


u 


X 


X 


X 


ROL 


reg, 1 







1 











w 













reg 


2 


2 




X 


X 










mem, 1 







1 











w 


mod 











mem 


16 


2-4 




X 


X 










reg, CL 







1 








1 


w 













reg 


7 + n 


2 




X 


u 










mem, CL 







1 








1 


w 


mod 











mem 


19 + n 


2-4 




X 


u 










reg, imm 



















w 













reg 


7 + n 


3 




X 


u 










mem, imm 



















w 


mod 











mem 


19 + n 


3-5 




X 


u 








iOR 


reg, 1 







1 











w 












reg 


2 


2 




X 


u 










mem, 1 







1 











w 


mod 










mem 


16 


2-4 




X 


X 










reg, CL 







1 








1 


w 












reg 


7 + n 


2 




X 


u 










mem, CL 







1 








1 


w 


mod 










mem 


19 + n 


2-4 




X 


u 










reg, immS 



















w 












reg 


7 + n 


3 




X 


u 










mem, immS 



















w 


mod 










mem 


19 + n 


3-5 




X 


u 
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Instruction Set (cont) 


Mnemonic Operands 


7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Shift/Rotate Instructions (cont) 



ROLC 



reg, 1 


1 1 1 W 


110 1 





reg 


2 


2 


X X 


mem, 1 


1 1 1 W 


mod 1 





mem 


16 


2-4 


X X 


reg, CL 


1 1 1 1 W 


110 1 





reg 


7 + n 


2 


X u 


mem, CL 


1 1 1 1 W 


mod 1 





mem 


19 + n 


2-4 


X u 


reg, imm8 


1 1 W 


110 1 





reg 


7 + n 


3 


X u 



mem, immS 



1 1 W mod 1 



19 + n 3-5 



RORC 



reg, 1 


1 1 


1 








w 


1 1 


1 


reg 


2 


2 


X 


X 


mem, 1 


1 1 


1 








w 


mod 


1 


mem 


16 


2-4 


X 


X 


reg, CL 


1 1 


1 








1 w 


1 1 


1 


reg 


7 + n 


2 


X 


u 


mem, CL 


1 1 


1 








1 w 


mod 


1 


mem 


19 + n 


2-4 


X 


u 


reg, immS 


1 1 











w 


1 1 


1 


reg 


7 + n 


3 


X 


u 


mem, imm8 


1 1 











w 


mod 


1 


mem 


19 + n 


3-5 


X 


u 



n = number of shifts 



Stack Manipulation Instructions 



PUSH 



mem16 



11111111 



mod 1 1 



2-4 



reg 16 



10 10 



reg 



sr 110 



PSW 



10 1110 



110 



35 



imm 



1 1 1 S 



7-8 



2-3 



POP 



mem16 



10 1111 



mod 



2-4 



regie 



10 11 



reg 



sr 111 



PSW 



10 1110 1 



CALL 



RET 



pop_value 



110 10 10 



24 



R R R R R R 



R 


110 1 43 


1 


PREPARE imm16, imm8 


110 10 

*imm8 = 0:12 

imm8>1 : 19 + 8(imm8-1) 


4 


DISPOSE 


110 10 1 6 


1 


Control Transfer Instructions 



near_proc 


1 1 1 
























16 


3 


regptr 


1 1 1 


1 




1 




1 


1 1 


" 





reg 


14 


1 


memptr16 


1 1 1 


1 




1 




1 


mod 








mem 


23 


2-4 


far_proc 


1 


1 




















21 


5 


memptr32 


1 1 1 


1 




1 




1 


mod 





1 


mem 


31 


2-4 




1 1 













1 










15 


1 


pop_value 


1 1 
























20 


3 




1 1 





1 







1 










21 


1 
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Instruction Set (cont) 


Mnemonic Operand 7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Control Transfer Instructions (cont) 



BR 


nearJabel 


1 1 





















13 


3 






shorLlabel 























12 


2 






reg 


1 1 








1 






1 1 


10 reg 


11 


2 






memptr16 


1 1 








1 






mod 


1 mem 


20 


2-4 






farJabel 


1 1 




















15 


5 






memptr32 


1 1 








1 






mod 


1 1 mem 


27 


2-4 




BV 


nearJabel 


1 




















14/4 


2 




BNV 


nearJabel 


1 




















14/4 


2 




BCBL 


nearJabel 


1 




















14/4 


2 




BNC, BNL 


nearJabel 


1 




















14/4 


2 




BE, BZ 


nearJabel 


1 









1 










14/4 


2 




BNE, BNZ 


nearJabel 


1 









1 










14/4 


2 




BNH 


nearJabel 


1 









1 










14/4 


2 




BH 


nearJabel 


1 









1 










14/4 


2 




BN 


nearJabel 


1 



















14/4 


2 




BP 


nearJabel 


1 



















14/4 


2 




BPE 


nearJabel 


1 



















14/4 


2 




BPO 


nearJabel 


1 



















14/4 


2 




BLT 


nearJabel 


1 








1 










14/4 


2 




BGE 


nearJabel 


1 








1 










14/4 


2 




BLE 


nearJabel 


1 








1 










14/4 


2 




BGT 


nearJabel 


1 








1 










14/4 


2 




DBNZNE 


nearJabel 


1 1 





















14/5 


2 




DBNZE 


nearJabel 


1 1 





















14/5 


2 




DBNZ 


nearJabel 


1 1 





















13/5 


2 




3CWZ 


nearJabel 


1 1 





















13/5 


2 




Interrupt Instructions 


3RK 


3 


1 1 








1 


1 












38 


1 






imm8 


1 1 








1 


1 





1 






38 


2 




5RKV 


imm8 


1 1 








1 


1 


1 


1 






40/3 


1 




iETI 




1 1 








1 


1 


1 









27 


1 R R 


R R R R 




;hkind 



regie, mem32 



110 10 mod reg mem 53-56/18 2-4 



IRKEM 



imm8 



1111 



11111111 38 
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Instruction Set (cont) 


Mnemonic 


Operand 


7 


6 


5 


4 


3 


2 


1 


Opcode 
7 6 


5 


4 3 2 10 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


CPU Control Instructions 


HALT 




1 






1 





1 














2 


1 




BUSLOCK 




1 






1 




















2 


1 




FP01 


fp-op 


1 






1 


1 


X 


X 


X 


1 1 


Y 


Y Y Z Z Z 


2 


2 






fp_op, mem 


1 







1 


1 


X 


X 


X 


mod 


Y 


Y Y mem 


11 


2-4 




FP02 


fp_op 















1 


1 


X 


1 1 


Y 


Y Y Z Z Z 


2 


2 






fp_op, mem 















1 


1 


X 


mod 


Y 


Y Y mem 


11 


2-4 




POLL 




1 








1 


1 


1 1 
= number of times POLL pin is sampled. 


2 + 5n 


1 




NOP 




1 








1 




















3 


1 




Dl 




1 


1 




1 


1 





1 











2 


1 




El 




1 


1 




1 


1 





1 


1 








2 


1 




8080 Instruction Set Enhancements 


RETEM 




1 


1 


1 





1 


1 





1 


1 1 


1 


1110 1 


27 


2 


R R R R R R 


CALLN 


imm8 


1 


1 


1 





1 


1 





1 


1 1 


1 


110 1 


38 


3 
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PRELIMINARY INFORMATION 



A(PD70208 (V40''') 

8/16-BIT, HIGH-INTEGRATION 

CMOS MICROPROCESSOR 



Description 

The yuPD70208 (V40™) is a high-performance, low- 
power 16-bit microprocessor integrating a number of 
commonly used peripherals to dramatically reduce the 
size of microprocessor systems. The CMOS construc- 
tion mal<es the //PD70208 ideal for the design of 
portable computers, instrumentation, and process 
control equipment. 

The//PD70208 contains a powerful instruction set that 
is compatible with the //PD70108///PD70116 (V20™/ 
V30™) and //PD8086///PD8088 instruction sets. In- 
struction set support includes a wide range of arith- 
metic, logical, and control operations as well as bit 
manipulation, BCD arithmetic, and high-speed block 
transfer instructions. The//PD70208 can also execute 
the entire AfPD8080AF instruction set using the 8080 
emulation mode. Also available is the//PD70216(V50™), 
identical to the //PD70208 but with a 16-bit external 
data bus. 

Features 

□ V20/V30 instruction set compatible 

H Minimum instruction execution time: 250 ns 

(at 8 MHz) 
H Direct addressing of 1M bytes of memory 
J Powerful set of addressing modes 
p 14 16-bit registers 
D On-chip peripherals including 

— Clock generator 

— Bus interface 

— Bus arbitration 

— Programmable wait state generator 

— DRAM refresh control 

— Three 16-bit timer/counters 

— Asynchronous serial I/O control 

— Eight-input interrupt control 

— Four-channel DMA control 

] Hardware effective address calculation logic 

] Maskable and nonmaskable interrupts 

] //PD72191 Floating Point Processor interface 

1 IEEE 796 compatible bus interface 

I Low-power standby mode 

I Low-power CMOS technology 

^0, V30, V40, and V50 are trademarks of NEC Corporation. 



Ordering Information 




Part Number 


Package 


Maximum Frequency 


^PD70208R-8 


68-pin PGA 


8 MHz 


//PD70208L-8 


68-pin PLCC 


8 MHz 


//PD70208G-8 


80-pin plastic miniflat 


8 MHz 



Pin Configurations 



68-Pln PGA 



/ 








^^ooooooooo 




o o o 


o o o o 


o o o 


o 


o o 




o 


o 


o o 




o 


o 


o o 




o 


o 


o o 


pPD70208 


o 


o 


o o 




o 


o 


o o 




o 


o 


o o 




o 


o 


ooooooooooo 


o o 


o o o o 


o o o 





Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


A2 


INTP7 


89 


DMAR01 


FIG 


AD7 


K4 


NMI 


A3 


INTP5 


810 


DMAROO 


F11 


GND 


K5 


RESET 


A4 


INTP3 


811 


ADo 


G1 


XI 


K6 


RESOUT 


AS 


INTP1 


CI 


TCTL2 


G2 


CLKOUT 


K7 


HLDRQ 


A6 


DMAAk3/TxD 


C2 


POLL 


G10 


As 


K8 


A19/PS3 


A7 


DMAAK2 


CIO 


ADi 


Gil 


A9 


K9 


A17/PS1 


A8 


DMAAK1 


Oil 


AD2 


HI 


8UFE»I 


K10 


A14 


A9 


DMAAKO 


D1 


QSi 


H2 


BUFR/W 


K11 


Al5 


A10 


END/fe 


D2 


OSo 


H10 


Aio 


L2 


lORD 


B1 


TCLK 


D10 


AD3 


H11 


Al1 


L3 


BSo 


B2 


TOUT2 


D11 


AD4 


J1 


BUSLOCK 


L4 


8S2 


B3 


INTP6 


El 


AST8 


J2 


iSWH 


L5 


READY 


84 


INTP4 


E2 


[High] 


J10 


Al2 


L6 


Vdd 


85 


INTP2 


E10 


ADs 


J11 


Al3 


L7 


HLDAK 


86 


INTAK/SRDY/ 
T0UT1 


Ell 


AD6 


K1 


MWR 


L8 


REFRQ 


87 


DMAROS/RxD 


F1 


GND 


K2 


mrD 


L9 


A18/PS2 


88 


DMARQ2 


F2 


X2 


K3 


BS1 


L10 


A16/PS0 
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Pin Configurations (cont) 

68'Pln PLCC 



% 

< 


t??a3S§gS2i<S«^S 

<<<EiZK>iriizommls 


lORD 




n 


nnnnnnnnnnnnnnn 


n 






f^ 9 


1 68 


61 




A15 H 


10 




80 


3 MWR 


A,4C 
A,3C 








3 iowR 


J BUSLOCK 


A12 C 








D BUFR/W 


Al1 C 








1 BUFEN 


AlO C 








3 CLKOUT 


A9C 








3x1 


AeC 








3X2 


GND C 




;;PD70208 




3 GND 


AD7 C 








3 IHIghl 


AD6 C 








3 ASTB 


ADs C 








3 QSo 


AD4 C 








3qsi 
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Pin Identification 



Symbol 


Function 


A19-A16/PS3-PS0 


Multiplexed address/processor status outputs 


A15-A8 


Address bus outputs 


AD7-AD0 


Multiplexed address/data bus 


ASTB 


Address strobe output 


BUFEN 


Data bus transceiver enable output 


BUFR/W 


Data bus transceiver direction output 


BUSLOCK 


Buslock output 


BS2-BS0 


Bus status outputs 


CLKOUT 


System clock output 


DMAAKO 


DMA channel acknowledge output 


DMAAK1 


DMA channel 1 acknowledge output 


DMAAK2 


DMA channel 2 acknowledge output 


DMAAKS/TxD 


DMA channel 3 acknowledge output/Serial 
transmit data output 


DMARQO 


DMA channel request input 


DMARQI 


DMA channel 1 request input 


DMARQ2 


DMA channel 2 request input 


DMARQ3/RXD 


DMA channel 3 request input/Serial receive 
data input 


enD/Tc 


End input/Terminal count output 


3ND 


Ground 


^igh 


High-level output except during hold 
acknowledge when it is placed in the 
high-impedance state 


ILDAK 


Hold acknowledge output 


ILDRQ 


Hold request input 


J Internal connection; leave unconnected 


i 


TAK/T0UT1/SRDY 


Interrupt acknowledge output/Tlmer/counter 1 
output/Serial ready output 


TP1-INTP7 


Interrupt request inputs 


RD 


I/O read strobe output 


Wr 


I/O write strobe output 


RD 


Memory read strobe output 


m 


Memory write strobe output 


3 


No connection 


M 


Nonmaskable interrupt input 


ILL 


Poll input 


'1-QS0 


CPU queue status outputs 


ADY 


Ready input 




FRQ 


Refresh request output 




SET 


Reset input 


30UT 


Synchronized reset output 


.K 


Timer/counter external clock input 


rL2 


Timer/counter 2 control input 



Symbol 


Function 


T0UT2 


Timer/counter 2 output 


Vdd 


+5 V power supply input 


XI, X2 


Crystal/external clock inputs 



Pin Functions 

Aig-Ai6/PS3-PSo [Address/Status Bus] 

These three-state output pins contain the upper 4 bits 
of the 20-bit address during T1 and processor status 
information during T2, T3, Tw, and T4. During T1 of a 
memory read or write cycle, these pins contain the 
upper 4 bits of the 20-bit address. These pins are forced 
low during T1 of an I/O bus cycle. 

Processor status is output during T2, T3, Tw, and T4 of 
both memory and I/O bus cycles. PS3 is zero during 
any CPU native mode bus cycle. During any DMA, 
refresh, or 8080 emulation mode bus cycle, PS3 outputs 
a high level. PS2 outputs the contents of the interrupt 
enable (IE) flag in the CPU PSW register. PSi and PSq 
indicate the segment register used to form the physical 
address of a CPU bus cycle as follows: 




PS, 


PSo 


Segment 








1 


Data segment 1 (DS1) 
Stack segment (SS) 


1 
1 




1 


Program segment (PS) 
Data segment O(DSO) 



These pins are in the high-impedance state during hold 
acknowledge. 

A15-A8 [Address Bus] 

These three-state pins form the active-high address 
bus. During any CPU, DMA, or refresh bus cycle, 
A15-A8 output the middle 8 bits of the 20-bit memory or 
I/O address. The A15-A8 pins enter the high-impedance 
state during hold acknowledge or an internal interrupt 
acknowledge bus cycle. During a slave interrupt 
acknowledge bus cycle, Aiq-As contain the address of 
the slave interrupt controller. 

AD7-AD0 [Address/Data Bus] 

These three-state pins form the active-high, time-multi- 
plexed address/data bus. During T1 of a bus cycle, 
AD7-AD0 output the lower 8 bits of the 20-bit memory 
or I/O address. During the T2, T3, Tw, and T4 states, 
AD7-AD0 form the 8-bit bidirectional data bus. 

The AD7-AD0 pins enter the high-impedance state 
during hold acknowledge or intern al interrupt acknow- 
ledge bus cycles or while RESET is asserted. 

3-97 



//PD70208 (V40) 



SEC 



ASTB [Address Strobe] 

This active-high output is used to latch the address 
from the multiplexed address bus in an external address 
latch during T1 of a bus cycle. ASTB is held at a low 
level during hold acknowledge. 



BUFEN [Buffer Enable] 



BUFEN is an active-low output for enabling an extern al 
data bus transceiver during a bus cycle. BUFEN is 
asserted during T2 through T4 of a read cycle, T2 
through T3 of a slave interrupt a cknowle dge cycle, and 
T1 through T4 of a write cycle. BUFEN is not asserted 
when the bus cycle corresponds to an internal pe- 
ripheral, DM A, refre sh, or internal interrupt acknow- 
ledge cycle. BUFEN enters the high-impedance state 
during hold acknowledge. 

BUFR/W [Buffer Read/Write] 

BUFR/W is a three-state, active-low output used to 
control the direction of an external data bus trans- 
ceiver. A high level indicates theyuPD70208 will perform 
a write cycle and a low level indicates a read cycle. 
BUFR/W enters the high-impedance state during hold 
acknowledge. 



BUSLOCK 



This active-low output provides a means for the CPU to 
indicate to an external bus arbiter that the bus cycles of 
the next instruction are to be kept contiguous. 
BUSLOCK is asserted for the durati on of the ins truction 
following the BUSLOCK prefix. BUSLOCK is also 
asserted during interrupt acknowledge cycles and 
enters the hi gh-impedan ce state during hold acknow- 
ledge. While BUSLOCK is asserted, DMAU, RCU, and 
external bus requests are disabled. 



BS2-BS0 [Bus Status] 

Outputs BS2-BS0 indicate the type of bus cycle being 
performed as follows. 



BS2 


BSi 


BSo 


Bus Cycle 












1 


Interrupt acknowledge 
I/O read 






1 
1 




1 


I/O write 
Halt 


1 
1 








1 


Instruction fetch 
Memory read (1) 


1 
1 


1 
1 




1 


Memory write (2) 
Passive state 



Note: 

(1) Memory read bus cycles include CPU, DMA read, DMA verify, 
and refresh bus cycles. 

(2) Memory write bus cycles include CPU and DMA write bus cycles. 

BS2-BS0 are three-state outputs and are high imped- 
ance during hold acknowledge. 

CLKOUT 

The CLKOUT output is used to generate all internal 
timing for the //PD70208. CLKOUT has a 50-percent 
duty cycle at half the frequency of the input clock 
source. 



DMAAK0-DMAAK2 [DMA Acknowledge] 

This set of outputs contains the DMA acknowledge 
signals for channels 0-2 from the internal DMA control 
ler and indicate that the peripheral can perform th( 
requested transfer. 



DMAAKS/TxD [DMA Acknowledge 3]/[Serial 
Transmit Data] 

Two output signals multiplexed on this pin are selectej 
by the PF field of the on-chip peripheral connectio 
register. 



• DMAAK3 is an active-low output and enables a 
external DMA peripheral to perform the requeste 
DMA transfer for channel 3. 

• TxD is the serial output from the serial control uni 

DMARQ0-DMARQ2 [DMA Request] 

These synchronized inputs are used by external p\l 
ripherals to request DMA ser"!ce for channels 0-2 f ro[| 
the internal DMA controller. 
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DMARQ3/RxD [DMA Request 3]/[Serial Receive 
Data] 

Two input signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 

• DMARQ3 is used by an external peripheral to request 
a DMA transfer cycle for channel 3. 

• RxD is the serial input to the serial control unit. 

END/TC [End/Terminal Count] 

This active-low bidirectional pin con trols the termin- 
ation of a DMA service. Assertion of END by external 
hardware during DMA service causes the service to 
terminate. When a DMA channel reaches its terminal 
count, the DMAU asserts TC, indicating the program- 
med operation has completed. 

END/TC is an open-drain I/O pin, and requires an 
external 2.2-kQ pull-up resistor. 

HLDAK [Hold Acknowledge] 

When an external bus requester has become the 
highest priority requester, the internal bus arbiter will 
assert the HLDAK output indicating the address, data, 
bnd control buses have entered a high-impedance state 
and are available for use by the external bus master. 

[Should the internal DMAU or RCU (demand mode) 
'equest the bus, the bus arbiter will drive HLDAK low. 
When this occurs, the external bus master should 
complete the current bus cycle and negate the HLDRQ 
jignal. This allows the bus arbiter to reassign the bus to 
he higher priority requester. 

HLDRQ [Hold Request] 

"his active-high signal is asserted by an external bus 
naster requesting to use the local address, data, and 
ontrol buses. The HLDRQ input is used by the internal 
us arbiter, which gives control of the buses to the 
ighest priority bus requester in the following order. 



js Master 



Priority 



VIAU 
LDRQ 



Highest (demand mode) 



Lowest (normal operation) 



INTAK/T0UT1/SRDY [Interrupt Acknowledge]/ 
[Timer 1 Output]/[Serial Ready] 

Three output signals multiplexed on this pin are 
selected by the PF field of the on-chip peripheral 
connection register. 



INTAK is an interrupt acknowledge signal used to 
casc ade ext ernal slave //PD71059 Interrupt Control- 
lers. INTAK is asserted during T2, T3, and Tw states 
of an interrupt acknowledge cycle. 

T0UT1 is the output of timer/counter 1. 



• SRDY is an active-low output and indicates that the 
serial control unit is ready to receive the next 
character. 

INTP1-INTP7 [Peripheral Interrupts] 

INTP1-INTP7 accept either rising-edge or high-level 
triggered asynchronous interrupt requests from external 
peripherals. These INTP1-INTP7 inputs are internally 
synchronized and prioritized by the interrupt control 
unit, which requests the CPU to perform an interrupt 
acknowledge bus cycle. External interrupt controllers 
such as theyuPD71059 can be cascaded to increase the 
number c* vectored interrupts. 

These interrupt inputs cause the CPU to exit both the 
standby and 8080 emulation modes. 

INTP1-INTP7 contain internal pull-up resistors and 
may be left unconnected. 




lORD [I/O Read] 

This three-state pin outputs an active-low I/O read 
strobe during T2, T3, and Tw of an I/O read bus cycle. 
Both C PU I/O read and DMA write bus cycles assert 
lORD. lORD is not asserted when the bus cycle 
corresponds to an internal peripheral. It enters the 
high-impedance state during hold acknowledge. 



lOWR [I/O Write] 

This three-state pin outputs an active-low I/O write 
strobe during T2, T3, and Tw of a CPU I/O write or an 
extended DMA read c ycle a nd during T3 and Tw of a 
DMA read bus cycle. lOWR is not asserted when the 
bus cycle corresponds to an internal peripheral. It 
enters the high-impedance state during hold acknow- 
ledge. 
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MRD [Memory Read Strobe] 

This three-state pin outputs an active-low memory 
read strobe during T2, T3, and Tw of a memory read 
bus cycle. CPU memor y rea d, DMA read, and refresh 
bus cycles all assert MRD. MRD enters the high- 
impedance state during hold acknowledge. 



MWR [Memory Write Strobe] 

This three-state pin outputs an active-low memory 
write strobe during T2, T3, and Tw of a CPU memory 
write or DMA extended write bus cycle a nd du ring T3 
and Tw of a DMA normal write bus cycle. MWR enters 
the high-impedance state during hold acknowledge. 

NMI [Nonmaskable Interrupt] 

The NMI pin is a rising-edge-triggered interrupt input 
that cannot be masked by software. NMI is sampled by 
CPU logic each clock cycle and when found valid for 
five or more CLKOUT cycles, the NMI interrupt is 
accepted. The CPU will process the NMI interrupt 
immediately after the current instruction finishes 
execution by fetching the segment and offset of the 
NMI handlerfrominterruptvector2. The NMI interrupt 
causes the CPU to exit both the standby and 8080 
emulation modes. The NMI input takes precedence 
over the maskable interrupt inputs. 

POLL [Poll] 



The active-low POLL input is used to synchronize the 
operation of external devices with the CPU. During 
execu tion of the POLL instruction, the C PU che cks the 
POLL input state every five clocks until POLL is once 
again asserted. 

QSi-QSo [Queue Status] 

The QSi and QSq outputs maintain instruction syn- 
chronization between theywPD70208 CPU and external 
devices such as theA(PD72191 Floating Point Processor. 
These outputs are interpreted as follows. 



QSi 


QSo 


Instruction Queue status 








No operation 





1 


First byte of instruction fetched 


1 





Flush queue contents 


1 


1 


Subsequent byte o1 instruction fetched 



READY [Ready] 

This active-high input synchronizes external memory 
and peripheral devices with the //PD70208. Slow 
memory and I/O devices can lengthen a bus cycle by 
negating the READY input and forcing the BlU to insert 
Tw states. READY must be negated prior to the rising 
edge of CLKOUT during the T2 state to guarantee 
recognition. When READY is once again asserted and 
recognized by the BlU, the BlU will proceed to the T4 
state. 

The READY input operates in parallel with the internal 
AIPD70208 wait control unit and can be used to insert 
more than three wait states into a bus cycle. 



REFRQ [Refresh Request] 



REFRQ is an active-low output indicating t he curre nt 
bus cycle is a memory refresh operation. REFRQ is 
used to disable memory address decode logic and 
refresh dynamic memories. The 9-bit refresh row 
address is placed on As-Aq during a refresh bus cycle. 



RESET [Reset] 



The RESET input is used to force the /uPD70208 to a 
know n state b y resetting the CPU and on-chip periph- 
erals. RESET must be asserted for a mini mum of foui 
clocks to guarantee recognition. After RESET has 
been released, the CPU will start program executior 
from address FFFFOH. 



Queue status is valid for one clock cycle after the CPU 
has accessed the instruction queue. 



RESET will release the CPU from the low-powe 
standby mode and force it to the native mode. 

RESOUT [Reset Output] 

This active-high output is available to perform a systerr 
wide reset function. Reset is internally synchronize 
with CLKOUT and output on the RESOUT pin. 

TCLK 

TCLK is an external clock source for the timer contn 
unit. The three timer/counters can be programmed i 
operate with either the TCLK input or a prescale 
CLKOUT input. j 

TCTL2 * 

TCTL2 is the control input for timer/counter 2. 

T0UT2 

T0UT2 is the output of timer/counter 2. 
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X1, X2 [Clock Inputs] 

These pins accept either a parallel resonant, funda- 
mental mode crystal or an external oscillator input with 
a frequency twice the desired operating frequency. 
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Absolute Maximum Ratings 

Ta = +25''C 



Power supply voltage, Voo 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to Vdd + 0.3 V 


CLK input voltage, Vk 


-0.5toVDD + 10V 


Output voltage, Vq 


-0.5 to Vdd + 0.3 V 


Operating temperature, Tqpt 


-10 to +70 °C 


Storage temperature, Tstg 


-65 to +150 "C 



Comment: Exposing the device to stresses above those listed in the 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Ciiaracteristics 

Ta = -10 to +70°C; Vdd = +5 V ±10% 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Input voltage, high 


V|H 


2.2 


Vdd + 

0.3 


V 




Input voltage, low 


V|L 


-0.5 


0.8 


V 




XI, X2 input 
voltage, high 


Vkh 


3.9 


Vdd + 

1.0 


V 




XI, X2 input 
voltage, low 


Vkl 


-0.5 


0.6 


V 




Output voltage, high Vqh 


0.7 Vdd 




V 


Ioh = -400a(A 


Output voltage, low 


Vol 




0.4 


V 


Iql = 2.5 mA 


Input leakage 
current, high 


'lih 




10 


V/A 


V| = Vdd 



Input leakage 
current, low 



'UPL 



-300 A(A 



Vi = V, INTP 
input pins 



Ilil 


-10 


/"A 


V| = V, other 
input pins 


Output leakage Iloh 
current, high 


10 


^A 


Vo = Vdd 


Output leakage Ilol 
current, low 


-10 


M 


Vo = OV 


Supply current Idd 


90 
20 


mA 
mA 


Normal mode 
Standby mode 


Capacitance 

Ta = +25°C,Vdd = 0V 




Limits 


Unit 


Test 


Parameter Symbol 


lyiin Max 


Conditions 


Input capacitance C| 


15 


pF fc = 


= 1 MHz; 


Output capacitance Co 


15 


P unmeasurec pins 
P are returned to V. 



AC Characteristics 

Ta = -10 to +70 °C; Vdd = +5 V ±10%; 


Cl = 


100 pF 






Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


External clock input 
cycle time 


tCYX 


62 


250 


ns 




External clock pulse 
width, high 


txXH 


20 




ns 


Vkh = 3.0 V 


External clock pulse 
width, low 


tXXL 


20 




ns 


Vkl = 1.5 V 


External clock rise 
time 


tXR 




10 


ns 


1.5-^ 3.0 V 


External clock fall 
time 


tXF 




10 


ns 


3.0 -* 1.5 V 


CLKOUT cycle time 


tCYK 


124 


500 


ns 




CLKOUT pulse width, 
high 


tKKH 


0.5tcYK 

-7 




ns 


Vkh = 3.0 V 


CLKOUT pulse width, 
low 


tKKL 


0.5tcYK 
-7 




ns 


Vkl = 1.5 V 


CLKOUT rise time 


tRR 




7 


ns 


1.5 -* 3.0 V 


CLKOUT fall time 


tKF 




7 


ns 


3.0 — 1.5 V 


CLKOUT delay time 
from external clock 


tOXK 




55 


ns 




Input rise time 
(except external 
clock) 


t|R 




20 


ns 


0.8 -* 2.2 V 


Input fall time 
(except external 
clock) 


t|F 




12 


ns 


2.2 — 0.8 V 


Output rise time 
(except CLKOUT) 


tOR 




20 


ns 


0.8 -* 2.2 V 


Output fall time 
(except CLKOUT) 


tOF 




12 


ns 


2.2 — 0.8 V 


RESET setup time to 
CLKOUT i 


tSRESK 


25 




ns 




RESET hold time 
after CLKOUT i 


tHKRES 


35 




ns 




RESOUT delay time 
from CLKOUT i 


tDKRES 


5 


60 


ns 




READY inactive 
setup time to 
CLKOUTt 


tSRYLK 


15 




ns 




READY inactive 
hold time after 
CLKOUTt 


tHKRYL 


25 




ns 




READY active setup 
time to CLKOUTt 


tSRYHK 


15 




ns 




READY active hold 
time after CLKOUTt 


tHKRYH 


25 




ns 




NMI, POLL setup 
time to CLKOUTt 


tSIK 


15 




ns 
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Symbol 


Limits 




Test 


Parameter 


MIn 


Max 


Unit Conditions 


Data setup time to 
CLKOUTi 


tSDK 


20 




ns 


Data hold time after 
CLKOUTi 


tHKD 


15 




ns 


Address delay time 
from CLKOUTi 


tOKA 


10 


60 


ns 


Address hold time 
after CLKOUTi 


tHKA 


10 




ns 


PS delay time from 
CLKOUTi 


tOKP 


10 


60 


ns 


PS float delay time 
from CLKOUTt 


tpKP 


10 


60 


ns 


Address setup time 
to ASTBi 


tSAST 


tKKL-30 




ns 


Address float delay 
time from CLKOUTi 


tpKA 


tHKA 


60 


ns 


ASTBt delay time 
from CLKOUTi 


tOKSTH 




50 


ns 


ASTBi delay time 
from CLKOUTt 


tOKSTL 




55 


ns 


ASTB pulse width, 
high 


tSTST 


tKKL - 10 




ns 


Address hold time 
after ASTBi 


tHSTA 


tKKH - 10 




ns 


Control delay time 
:rom CLKOUT 


tOKCT 


15 


60 


ns 


ioi delay time 
rom address float 


tDAFRL 







ns 


iDi delay time 
rom CLKOUTi 


tOKRL 


10 


70 


ns 


iot delay time 
'om CLKOUTi 


tOKRH 


15 


60 


ns 


.ddress delay time 
■om CLKOUT 


tDRHA 


tcYK-40 




ns 


D pulse width, low 


tRR 


2tcYK - 
50 




ns 



UFR/W delay from 
UFENt 



tpBECT tKKL - 
20 



ns Read cycle 



toWCT tKKL - 
20 



ns Write cycle 



ita output delay tpKO 
Tie from CLKOUTi 


10 


60 


ns 


ita float delay tpKD 
ne from CLKOUTi 


10 


60 


ns 


^ pulse width, low tww 


2tcYK - 
40 




ns 


;i delay time Idkbl 
Im CLKOUTt 


10 


60 


ns 


It delay time Idkbh 
m CLKOUTi 


10 


65 


ns 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


HLDRQ setup time 
to CLKOUTt 


tSHQK 


20 




ns 




HLDAK delay time 
from CLKOUTi 


tOKHA 


10 


100 


ns 




Address drive delay 
time from CLKOUTi 


tDKA2 


tCYK 




ns 




DMAAK delay time 
from CLKOUTt 


tOKDAL 


10 


70 


ns 




DIVIAAK delay time 
from CLKOUTi 


tOKDAH 


10 


115 


ns 


Cascade mode 


WR pulse width, 
low (DMA cycle) 


twwi 


2tCYK - 
40 




ns 


DMA extended 
write cycle 


WR pulse width, 
low (DMA cycle) 


twW2 


tCYK- 
40 




ns 


DMA normal 
write cycle 


TC output delay 
time from CLKOUTt 


tOKTCL 




60 


ns 




TC off delay time 
from CLKOUTt 


tOKTCF 




60 


ns 




TC pulse width, low 


tTCTCL tcYK-15 


ns 




TCpullup delay 
time from CLKOUTt 


tOKTCH 




tKKH + 

tCYK- 

10 


ns 




END setup time 
to CLKOUTt 


tSEOK 


35 




ns 




END pulse width, 
low 


tEDEDL 


100 




ns 




DMARQ setup time 
to CLKOUTt 


tSDQK 


35 




ns 




INTPn pulse width, 
low 


tiPIPL 


100 




ns 




RxD setup time to 
SCU internal clocki 


tSRX 


1 




us 




RxD hold time after 
SCU internal clocki 


tHRX 


1 




us 




SRDY delay time 
from CLKOUTi 


tOKSR 




150 


ns 




TxD delay time from 
TOUTii 


tOTX 




500 


ns 




TCTL2 setup time 
from CLKOUTi 


tSGX 


50 




ns 




TCTL setup time 
to TCLKt 


tSGTK 


50 




ns 




TCTL2 hold time 
after CLKOUTi 


tHKG 


100 




ns 




TCTL2 hold time 
after TCLKt 


tHTKG 


50 




ns 




TCTL2 pulse width, 
high 


tQGH 


50 




ns 
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AC Characteristics (cent) 



Timing Waveforms 

Clock Timing 



Clock Input Configurations 





Symbol 


Limits 


Test 


Parameter 


iMin 


IVIax 


Unit Conditions 


TCTL2 pulse width, 
low 


^GGL 


50 




ns 


TOUT output delay 
time from CLKOUTi 


tOKTO 




200 


ns 


TOUT output delay 
time from TOUTi 


tpTKTO 




150 


ns 


TOUT output delay 
time from TCTLZi 


tOGTO 




120 


ns 


TGLK rise time 


tTKR 




25 


ns 


TCLK fall time 


tTKF 




25 


ns 


TCLK pulse width, 
high 


^TKTKH 


50 




ns 


TCLK pulse width, 
low 


tjKTKL 


50 




ns 


TCLK cycle time 


tCYTK 


124 


DC 


ns 


RDi.WRl delay 
from DMAAKi 


tODARW 


tKKH 
-30 




ns 


DMAAKt delay 
from RDt 


tORHDAH 


tKKL 
-30 




ns 


RDt delay from 
WRt 


toWHRH 


5 




ns 




External Clock 1 
CLK ^o 




CLK 



External Clock 2 
t>o 1X1 



Buffers are high-speed 
CMOS inverters. 



Timing Measurement Points 



Input 
[except Clock] 



Output 



2.4 V V 1/ 

A 0.8 V 

0.4 V I ^^^^ 






Vf 2.2 V 



2.2 V 
0.8 V 



A- 



tXR- 



External 
Clock 

[X11 



tDXK 



-txF 



^^"i_y"ajni_^^"v^ni_jn^ 



-tCYX- 



toXK 



*XXL 



txXH 



-tCYK- 



-tKKH- 



tKF- 



tKR- 



CLKOUT 



"\ 



>r \ 



I 



\ 



/ 



-tKKL- 
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Timing Waveforms (cont) 

Reset and Ready Timing 



Reset Timing 



RESET 



N. 



_7^wAA.y^v^^"\-y 



-tsRESK 



-•dkres- 



/ 



- tHKRES 



/ 



-tDKRES-» 



v 



Ready Timing, No Wait States 



CLKOUT 



r 


tSRYHK — ► 

r 




« — tHKRYH 




■^ 






A 



Ready Timng, Wait States 



CLKOUT 



READY 






tSRYLK - 



- tHKRYH 



-tHKRYL 
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Timing Waveforms (cont) 

Poll, NMI, and Buslock Timing 



POLL, NMI Input Timing 



CLKOUT 



POLL, NMI 



A"V_/~A 



>: 



tsiK 



BUSLOCK Output Timing 



■*- toKA -*| U— 'DKA 
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Timing Waveforms (cont) 

Read Timing 



CLKOUT 




Note: 

[1] Except internal I/O accesses. 
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Timing Waveforms (cont) 

Write Timing 



r^^^^r^xjrx 




Note: 

[1] Except internal I/O accesses. 
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Timing Waveforms (cont) 

Status Timing 



CLKOUT 



A19/PS3 
-A16/PS0 



A15-A8 



/^■^.^^~W^._y^u^^A 



AD7-AD0 



*DKA- 



\ 



MRD, lORD 
MWR, iOWR 



QS1, QSO 



tOKA" 



>: 



>: 



•hka- 



tpKA- 



C 



J^~\ 



X 



-toKP 



Program Status 



- tSDK ■ 



Data Input 



tOAFRL - 



7 



- tOKBH 



N. 



- toKRL 



-tpR 



■tFKP 



H^ 



x: 



} — ^:i 



/ 



•• toRHA - 



■ tDKRH 



X A A X^^ X__ 
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Timing Waveforms (cont) 

Interrupt Acknowledge Timing 



T1 

CLKOUT./ 

tFKA-»" 


T 


2 T3 




T4 






T1 




T2 

y \ 

tFKA 




T3 




Tl 




^ r^ 


totCA-*- 


k, / 


/ \ 


i 


y ' 


} ^ 




^ 


; 


* — tSDK — *■ 




•♦-tHKD 


AO7-AD0 


; 


! 

r 




i 




\ 


f 




< 


} 






> 








Vector number 
(Note 2] 




Ai5-Ag 








[Notel] 


ASTB \_ 






/ 






\ 






/ 


V 


•dkct *■ 


\ 










/ 

[Note 2] / 




INTAK 


/ 


M tDKCT 






— >■ 




•* — fDKCT »■ 






BUFEN 


\ 


[Note 2] 


/ 






\ 














■* tDKA 












/ 






BUSLOCK 


Note: 

[1] Slave addre 

interrupt. 
[2] Solid line wh 


s when interrupt from external |UPD71059. Undefined when internal ICU 
en interrupt from external /jPD71059. Dash line when internal ICU interrupt. 
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Timing Waveforms (cont) 

Timing, Normai Operation 




(1) Internal Bus Master 



/ 



(2) Internal Bus Master 



t'<» ^ 



NOTES: (1) A19/PS3-A16/PS0, AD7-AD0, Ai5-Aa, BUFEN,BUFR/W,MRD,IORD,MWR,IOWR 
(2) BS2-8S0 



/ 



\ 



i 



Internal 
Bus Master 



Internal Bus Master 




Timing, Bus Wait 



^\..y~^iy^ 



\ 



r^^^^y 



V^. 



External Bus Master 



NOTE: A19/PS3-A16/PS0, AD7-AD0, Ai5-Ae, BUFEN, BUFR/W, MRD, lORO, MWR, lOWR, BS2-BS0 



) ( 



Internal Bus Master 
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Timing Waveforms (cont) 

Refresh Timing 



A19/PS3 
-A16/PS0 



Ais-Ag 



As 



ADr-ADo 



REFRQ 



BS2-BS0 



toKA- 



X 



>: 



y. 



— k It toKP 

.XIriiZjtZZ 



Invalid 



-*HKA 



/ 



7 




> 



\ 



tOAFRL 
«— toKRL 



^. 



^. 



■•-tDKBL 



^: 



JZ 



)C 



/ 



tDKCT- 



)C 



<: 



\ 



/ 



*— 'dkbh 



BS2=1, BS1 = 0, BS0=1 



7 
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Timing Waveforms (cont) 

DMAU, DMA Transfer Timing 



CLKOUT 



tOKBL- 



BS2-BS0 



Ais/PSs 
-A16/PS0 



Ais-Ab 



AD7-AD0 



DMAAK 



MRD, lORD 



MWR, lOWR 



^: 



7^ 



v^' 



tOKA- 



/ 



): 



>: 



>: 



\ 



:< 



-tHKA 
-toKP 



7 



-tDKBH 



x: 



toKHDA- 



> 



^. 



tOKRL- 



•ddarw- 



tDKCT 



tODARW- 



-tpKA 



X 



- tDAFRL 



V Early write mode ^ 



-tRR- 



I toKCT 

-twwi 






/ 



Jf 



'<DKHDA 



tORHDAH 
tOKRH 



-twW2- 



/ 



- tOKCT 

— »-l-tDWHRH 
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Timing Waveforms (cont) 

DMA Timing 



EN D/TC Timing 




DMA Request Timing 



/~\ 



DMARQn 
(n=0-3) 




Cascade Mode, Normal Operation 



1 



*SDQK - 



'^\ur\ 



\ 



^^^ 



tDKLDA -■ 



/ 



Cascade Mode, Refresh Cycle Insertion 



r- 



\.y 



V ii f 



\ 
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Timing Waveforms (cont) 

SCU Timing 



\ 



£ 



-tSRX *" 



-fHRX- 



xz 



16 or 64 T0UT1 pulses - 



- 16 or 64 T0UT1 pulses - 



1 



•dtx- 



CLKOUT 



_/~vy 






•dksr- 




ICU Timing 














INTPn 




■* tipipL ► 




(n=1-7) 


\ 


/ 


83-004020B 
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Timing Waveforms (cont) 

TCU, Internal Clock Source 



^^uy^.^~\_^^._/"v^^^i_/ 



tSGK 



-tHKG- 



-'ggl- 



-tGGH- 



^. / \ / 



"tSGK 



-tHKG~ 



T0UTn[n = 1,2] 



X 



tDGTO[TOUT2) 



*DKTO 



X 



TCU Timing, TCLK Source 



tTKR tTKF 



_.r^^^. 



♦SGTK- 



'tktkh 



•* tCYTK - 



/v_/ 



tDGTO - 
[T0UT2] 



tGGL 



TOUTn[n = 1,2] 




^^^ 



/^ }^ 



- toTKTO 
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Functional Description 

Refer to theyuPD70208 block diagram for an overview 
of the ten major functional blocks listed below. 

• Central processing unit (CPU) 

• Clock generator (CG) 

• Bus interface unit (BlU) 

• Bus arbitration unit (BAU) 

• Refresh control unit (RCU) 

• Wait control unit (WCU) 

• Timer/counter unit (TCU) 

• Serial control unit (SCU) 

• Interrupt control unit (iCU) 

• DMA control unit (DMAU) 

Figure 1. fjiPD70208 CPU Block Diagram 



Central Processing Unit 

The//PD70208 CPU functions similarly to the CPU of 
the yuPD70108 CMOS microprocessor. However, be- 
cause the //PD70208 has internal peripheral devices, 
its bus architecture has been modified to permit 
sharing the bus with internal peripherals. TheyuPD70208 
CPU is object code compatible with both the//PD70108/ 
//PD701 16 and the//PD8086//yPD8088 microprocessors. 

Figure 1 is the//PD70208 CPU block diagram. A listing 
of the/iPD70208 instruction set is at the end of this data 
sheet. 




Internal address/data bus (20) 




^ To BlU 



T-State 
Control 



n 



Cycle 
Decision 



n 



Interrupt 
Control 



Queue 
Control 



Standby 
Control 



-NMI 
-INT 
(from ICU) 



CLOCK 
(from CG) 



BCU 



Effective Address 
Generator 



z> 



/^Address 
Register 



z> 



a » 



^Instruction 
ROM 



(^Sequence 
Control 



29 > Micro data bus 



DC 



Instruction Decoder 



Subdata bus(16) 



Main data bus(16) 
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Register Configuration 

Program Counter [PC]. The program counter is a 16- 
bit binary counter tiiat contains tlie program segment 
offset of the next instruction to be executed. The PC is 
incremented each time the microprogram fetches an 
instruction from the instruction queue. The contents of 
tJie PC are replaced whenever a branch, call, return, or 
break instruction is executed and during interrupt 
processing. At this time, the contents of the PC are the 
same as the prefetch pointer (PFP). 

Prefetch Pointer [PFP]. The prefetch pointer is a 
16-bit binary counter that contains the program seg- 
ment offset of the next instruction to be fetched for the 
instruction queue. Because instruction queue prefetch 
is independent of instruction execution, the contents 
of the PFP and PC are not always identical. The PFP is 
updated each time the bus interface unit (BID) fetches 
an instruction for the instruction queue. The contents 
of the PFP are replaced whenever a branch, call, return 
or break instruction is executed and during interrupt 
processing. At this time, the contents of the PFP and 
PC are the same. 

Segment Registers [PS, SS, DSq, DSi]. The//PD70208 
memory address space is divided into 64K-byte logical 
segments. A memory address is determined by the sum 
of a 20-bit base address (obtained from a segment 
register) and a 16-bit offset known as the effective 
address (EA). I/O address space is not segmented and 
no segment register is used. The foursegment registers 
are program segment (PS), stack segment (SS), data 
segment (DSq), and data segment 1 (DSi). The 
following table lists their offsets and overrides. 



Default 
Segment Reglste 


r Offset 


Override 


PS 


PFP register 


Invalid 


SS 


SP register 


Invalid 


SS 


Effective address (BP-based) 


PS,DSo,DSi 


DSo 


Effective address (non BP-based) 


PS, SS, DSi 


DSo 


IX register (1) 


PS, SS, DSi 


DSi 


lY register (2) 


Invalid 



Note: 

(1 ) Includes source block transfer, output, BCD string, and bit field 
extraction. 

(2) Includes destination blocl< transfer, input, BCD string, and bit 
field insertion. 



General-Purpose Registers. The //PD70208 CPU con- 
tains four 16-bit general-purpose registers (AW, BW, 
CW, DW), each of which can be used as a pair of 8-bit 
registers by dividing into upper and lower bytes (AH, 
AL, BH, BL, CH, CL, DH, DL). General-purpose 
registers may also be specified implicitly in an in- 
struction. The implicit assignments are: 



AW 



Word multiplication/division, word I/O, 
data conversion 



AL Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW Loop control, repeat prefix 

CL Shift/rotate bit counts, BCD operations 

DW Word multiplication/division, indirect 
I/O addressing 

Pointer [SP, BP] and Index Registers [IX, lY]. These 
registers serve as base pointers or index registers 
when accessing memory using one of the base, 
indexed, or base indexed addressing modes. Pointer 
and index registers can also be used as operands for 
word data transfer, arithmetic, and logical instructions. 
These registers are implicitly selected by certain 
instructions as follows. 

SP Stack operations, interrupts 

IX Source block transfer, BCD string 
operations, bit field extraction 

lY Destination block transfer, BCD string 
operations, bit field insertion 

Program Status Word [PSW] 

The program status word consists of six status flag 
and four control flags. 



Status Flags 

• V (Overflow) 

• S (Sign) 

• Z (Zero) 

• AC (Auxiliary Carry) 

• P (Parity) 

• CY (Carry) 



Control Flags 

• MD (Mode) 

• DIP (Direction) 

• IE (interrupt Enable) 

• BRK (Break) 
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When pushed onto the stack, the word image of the 
PSW is as follows: 



15 














8 


IVID 


1 


1 


1 1 
1 


V 


1 1 
DIR 


IE 


BRK 


7 

















1 
S 


z 





1 1 

AC 





1 1 
P 


1 


1 
CY 



The status flags are set and cleared automatically 
depending upon the result of the previous instruction 
execution. Instructions are provided to set, clear, and 
complement certain status and control flags. Other 
flags can be manipulated by using the POP PSW 
instruction. 

Between execution of the BRKEM and RETEM in- 
structions, the native mode RETI and POP PSW 
instructions can modify the MD bit. Care must be 
exercised by emulation mode programs to prevent 
inadvertent alteration of this bit. 

CPU Architectural Features 

The major architectural features of theyuPD70208 CPU 
are: 

I* Dual data buses 

• Effective address generator 

• Loop counter 

• PC and PFP 

{Dual Data Buses. To increase performance, dual data 
buses (figure 2) have been employed in the CPU to 
fetch operands in parallel and avoid the bottleneck of a 
single bus. For two-operand instructions and effective 
address calculations, the dual data bus approach is 30 
iDercent faster than single-bus systems. 

Effective Address Generator. Effective address (EA) 
calculation requires only two clocks regardless of the 
addressing mode complexity due to the hardware 
3ffective address generator (figure 3). When compared 
'with microprogrammed methods, the hardware ap- 
proach saves between 3 and 10 clock cycles during 
effective address calculation. 



Figure 2. Dual Data Buses 



< 



Registers 



o 



:> 



Temporary 
Registers/Shifters 



V 



O 



c 



> 



Main data bus 




Figure 3. Effective Address Generator 







83-002737A 




mod r/m 




, 






EA Generator 




Effective 


Address 



Loop Counter and Shifters. A dedicated loop cou nter is 
used to count the iterations of block transfer and 
multiple shift instructions. This logic offers a significant 
performance advantage over architectures that control 
blocktransfersand multiple shifts using microprogram- 
ming. Dedicated shift registers also speed up the 
execution of the multiply and divide instructions. 
Compared with microprogrammed methods, multiply 
and divide instructions execute approximately four 
times faster. 
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Program Counter and Prefetch Pointer. The functions 
of instruction execution and queue prefetch are de- 
coupled in the//PD70208. By avoiding a single-instruc- 
tion pointer and providing separate PC and PFP 
registers, the execution time of control transfers and 
the interrupt response latency can be minimized. 
Several clocks are saved by avoiding the need to 
readjust an instruction pointerto account forprefetch- 
ing before computing the nev\/ destination address. 

Enhanced Instruction Set 

In addition to the yuPD8086/88 instruction set, the 
//PD70208 has added the following enhanced instruc- 
tions. 



Instruction 


Function 


PUSH imm 


Push immediate data onto stack 


PUSHR 


Pusti all general registers onto stack 


POPR 


Pop all general registers from stack 


MUL imm 


Multiply register/memory by immediate data 


SHL immS 


Shift/rotate by immediate count 


SHR ImmS 




SHRA ImmS 




ROL ImmS 




ROR imm8 




ROLC immS 




RORC imm8 




CHKIND 


Check array index 


INM 


Input multiple 


OUTM 


Output multiple 


PREPARE 


Prepare new stack frame 


DISPOSE 


Dispose current stack frame 



Unique Instruction Set 

In addition to the)uPD70208 enhanced instruction set, 
the following unique instructions are supported. 



Instruction 


Function 


INS 
EXT 
ADD4S 


Insert bitfield 
Extract bit field 
BCD string addition 


SUB4S 
CMP4S 
R0L4 


BCD string subtraction 
BCD string comparison 
Rotate BCD digit left 


R0R4 
TEST1 
SET1 


Rotate BCD digit right 
Test bit 
Set bit 


CLR1 
N0T1 
REPC 


Clear bit 
Complement bit 
Repeat while carry set 


REPNC 
FP02 


Repeat while carry cleared 
Floating point operation 2 



Bit Fields. Bit fields are data structures that range in 
length from 1 to 16 bits. Two separate operations on bit 
fields, insertion and extraction, with no restrictions on 
the position of the bit field in memory are supported. 
Separate segment, byte offset, and bit offset registers 
are used for bit field insertion and extraction. Because 
of their power and flexibility, these instructions are 
highly effective for graphics, high-level languages, and 
data packing/unpacking applications. 

Insert bit field (INS) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the AW register to 
the bit field addressed by DS1:IY:reg8 (figure 4). The 
bit field length can be located in any byte register or 
supplied as an immediate value. The value in reg8 is a 
bit field offset. A content of selects bit and 15 selects 
bit 15 of the word DSO:IX points to. Following execution, 
the I Y and bit offset register are updated to point to the 
start of the next bit field. 

Bit field extraction (EXT) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the bit field 
addressed by DS0:IX:reg8 to the AW register (figure 5). 
If the bit field is less than 16 bits, it is right justified with 
a zero fill. The bit field length can be located in any byte 
register or supplied as immediate data. The value in 
regS is a bit field offset. A content of selects bit and 
15 selects bit 15 ofthe word DSO:IX points to. Following 
execution, the IX and bit offset register are updated to 
point to the start of the next bit field. 

Packed BCD Strings. These instructions are provided 
to efficiently manipulate packed BCD data as strings 
(length from 1 to 254 digits) or as a byte data type with a 
single instruction. 

BCD string arithmetic is supported by the ADD4S; 
SUB4S, and CMP4S instructions. These instructions 
allow the source string (addressed by DSO:IX) and th^ 
destination string (addressed by DS1:IY) to be manip^ 
ulated with a single instruction. When the number o|| 
BCD digits is even, the Z and CY flags are set according 
to the result of the operation. If the number of digits is 
odd, the Z flag will not be correctly set unless the uppe; 
4 bits of the result are zero. The CY flag will not b«| 
correctly set unless there is a carry out of the upper v- 
bits of the result. 

The two BCD rotate instructions (R0R4, R0L4) perforn 
rotation of a single BCD digit in the lower half of the Al 
register through the register or memory operand. 

Bit IVIanipulation. Four bit manipulation instruction 
have been added to the//PD70208 instruction set. Th 
ability to test, set, clear, orcomplementasingle bit in 
register or memory operand increases code readabilit 
as well as performance over the logical operation 
traditionally used to manipulate bit data. 
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Figure 4. Bit Fieid Insertion 





Bit length 


15 







//// 



Bit offset 



Byte offset (lY) 



Byte boundary 



I / Memory 
Segment base (DS1) 




Figure 5. Bit Fieid Extraction 



Bit length 



^ 



Byte offset (IX) 



Byte boundary 



Segment base (DSO) 



■7777 



Repeat Prefixes. Two repeat prefixes (REPC, REPNC) 
illow conditional block transfer instructions to use the 
jtate of the CY flag as a terminating condition. The use 
)f these prefixes allows inequalities to be used when 
vorking on ordered data, increasing the performance 
)f searching and sorting algorithms. 

■ioating Point Operation instructions. Two floating 
)oint operation (FPO) instruction types are recognized 
>y theyuPD70208 CPU. These instructions are detected 
»y the CPU, which performs any auxiliary processing 
uch as effective address calculation and the initial bus 
ycle if specified by the instruction. It is the responsi- 
Hity of the external coprocessor to latch the address 
iformation and data (if a read cycle) from the bus and 
omplete the execution of the instruction. 



8080 Emuiation IVIode. TheA<PD70208 CPU can operate 
in either of two modes; see figure 6. Native mode allows 
the execution of the//PD8086/88, enhanced and unique 
instructions. The other operating mode is 8080 emu- 
lation mode, which allows the entire //PD8080AF 
instruction set to be executed. A mode (MD) flag is 
provided to distinguish between the two operating 
modes. Native mode is active when MD is 1 and 8080 
emulation mode is active when MD is 0. 

Two instructions are provided to switch from native to 
8080 emulation mode and return back. Break for 
emulation (BRKEM) operates similarly to a BRK 
instruction, except that after the PSW has been pushed 
on the native mode stack, the MD flag is cleared. 
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During 8080 emulation mode, the registers and flags of 
the 8080 are mapped onto the native mode registers 
and flags as shown below. Note that PS, SS, DSq, DSi, 
IX, lY, AH, and the upper half of the PSW registers are 
inaccessible to 8080 programs. 



Registers 



Flags 



/iPD8080AF 



juPD70208 



A 


AL 


B 


CH 


C 


CL 


D 


DH 


E 


DL 


H 


BH 


L 


BL 


SP 


BP 


PC 


PC 


c 


CY 


z 


Z 


s 


S 


p 


P 


AC 


AC 



During 8080 emulation mode, the BP register functions 
as the 8080 stack pointer. The use of separate stack 
pointers prevents inadvertent damage to the native 
stack pointer by emulation mode programs. 

The 8080 emulation mode PC is combined with the PS 
register to form the 20-bit physical address. All emu- 
lation mode data references use DSO as the segment 
register. For compatibility with older 8080 software 
these registers must be equal. By using different 
segment register contents, separate 64K-byte code 
and data spaces are possible. 

Either an NMI or maskable interrupt will cause the 8080 
emulation mode to be suspended. The CPU pushes the 
PS, PC, and PSW registers on the native mode stack, 
sets the MD bit (indicating native mode), and enters the 
specified interrupt handler. When the return from 
interrupt (RETI) instruction is executed, the PS, PC, 
and PSW (containing MD=0) are popped from the 
native stack and execution in 8080 emulation mode 
continues. Reset will also force a return to native mode. 



Figure 6. 
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The 8080 emulation mode programs also have the 
capability to invoke native mode interrupt handlers by 
means of the call native (CALLN) instruction. This 
instruction operates the same as the BRK instruction 
except that the saved PSW indicates 8080 emulation 
mode. 

To exit 8080emulation mode, the return from emulation 
(RETEM) instruction pops the PS, PC, and PSW from 
the native mode stack and execution continues with 
the instruction following the BRKEM instruction. Nest- 
ing of 8080 emulation modes is prohibited. 

Interrupt Operation 

The//PD70208 supports a number of external interrupts 
and software exceptions. External interrupts are events 
asynchronous to program execution. On the other 
hand, exceptions always occur as a result of program 
execution. 

The two types of external interrupts are: 

• Nonmaskable interrupt (NMI) 

• Maskable interrupt (INT) 

The six software exceptions are: 

» Divide error (DIV, DIVU instructions) 

» Array bound error (CHKIND instruction) 

» Break on overflow (BRKV instruction) 

» Break (BRK, BRK3 instructions) 

> Single step (BRK bit in PSW set) 

) Mode switch (BRKEM, CALLN instructions) 

nterrupt vectors are determined automatically for 
ixceptions and the NMI interrupt or supplied by 
lardware for maskable interrupts. The 256 interrupt 
ectors are stored in a table (figure 7) located at 
ddress OOOOOH. Vectors to 5 are predetermined and 
ectors 6 to 31 are reserved. Interrupt vectors 32 to 255 
re available for use by application software. 

;ach vector is made up of two words. The word located 
t the lower address contains the new PC for the 
iterrupt handler. The word at the next-higher address 
i the new PS value for the interrupt handler. These 
lust be initialized by software at the start of a program. 

Itandby Mode 

he //PD70208 CPU has a low-power standby mode, 
jhich can dramatically reduce power consumption 
uring idle periods. Standby mode is entered by simply 
<ecuting a native or 8080 emulation HALT instruction; 
3 external hardware is required. All other peripherals 
jch as the timer/counter unit, refresh control unit, 
id DMA control unit continue to operate as pro- 
ammed. 



During standby mode, the clock is distributed only to 
the circuits required to release the standby mode. 
When a RESET, NMI, or INT event is detected, the 
standby mode is released. Both NMI and unmaskable 
interrupts are processed before control returns to the 
instruction following the HALT. In the case of the INT 
input being masked, execution will begin with the 
instruction immediately following the HALT instruction 
without an intervening interrupt acknowledge bus 
cycle. When maskable interrupts are again enabled, the 
interrupt will be serviced. 

Output signal states in the standby mode are listed 
below. 



Output Signal 


Status in Standby Mode 


INTAK, BUFEN, 
MRD, MWR, lOWR, 
lORD 


High level 


BS2-BS0 (Note 2) 


High level 


QS1-QS0, ASTB 


Low level 


BUSLOCK 


High level (low level if the 
HALT instruction follows the 
BUSLOCK prefix) 


BUFR/W, 
A19-A16/PS3-PS0, 
A15-A8, AD7-AD0 


High or low level 




Note: 

(1) Output pin states during refresh and DMA bus cycles will be as 
defined for those operations. 

(2) Halt status is presented prior to entering the passive state. 
Figure 7. Interrupt Vector Table 



OOOH 
004H 
008H 
OOCH 
010H 
01 4H 
018H 

07CH 
080H 



Divide Error 

Break Flag 

NMI Input 

BRK 3 Instruction 

BRKV Instruction 

CHKIND Instruction 



BRK immS Instruction 
BRKEM Instruction 
INT Input [External] 
CALLN Instruction 
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Clock Generator 

The clock generator (CG) generates a clock signal half 
the frequency of a parallel-resonant, fundamental 
mode crystal connected to pins XI and X2. Figure 8 
shows the recommended circuit configuration. Capac- 
itors C1 and C2 are required for frequency stability. 
Their values can be calculated from the load capaci- 
tance (CL) specified by the crystal manufacturer. 

CI = C2 = 2 (CL - CS) 

CS is any stray capacitance in parallel with the crystal, 
such as the ywPD70208 input capacitance. 

External clock sources (figure 9) are also accom- 
modated by applying the external clock to the XI pin 
and its complement to the X2 pin. The CG distributes 
the clock to the CLKOUT pin and to each functional 
block of the//PD70208. The generated clock signal has 
a 50-percent duty cycle. 



Bus Interface Unit 

The bus interface unit (BID) controls the external 
address, data, and control buses for the three internal 
bus masters: CPU, DMA control unit (DMAU), and 
refresh control unit (RCU). The BlU is also responsible 
for synchronization of the RESET and READY inputs 
with the clock. The synchronized reset signal is used 
internally by the//PD70208 and provided externally at 
the RESOUT pin as a system-wide reset. The synch- 
ronized READY signal is combined with the output of 
the wait control unit (WCU) and is distributed internally 
to the CPU, DMA U, and R CU. Figure 10 shows the 
synchronization of RESET and READY. 



Figure 8. 
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Bus Arbitration Unit 

The bus arbitration unit (BAU) arbitrates the local bus 
between the internal CPU, DMAU, and RCU bus 
requesters and an external bus master. The BAU bus 
priorities from the highest priority requester to the 
lowest are: 

RCU (Demand mode) 

DMAU 

HLDRQ 

CPU 

RCU (Normal mode) 

Note that RCU requests the bus at either the highest or 
lowest priority depending on the status of the refresh 
request queue. Bus masters other than the CPU are 
prohibited from using the bus when the CPU is 
executing an instruction containing a BUSLOCK prefix. 
Therefore, caution should be exercised when using the 
BUSLOCK prefix with instructions having a long 
execution time. 

If a bus master with higher priority than the current bus 
master requests the bus, the BAU inactivates the 
current bus master's acknowledge signal. When the 
BAU sees the bus request from the current master go 
inactive, the BAU gives control of the bus to the higher 
priority bus master. The BAU performs bus switching 
between internal bus masters without the introduction 
of idle bus cycles, enhancing system throughput. 

System I/O Area 

The I/O address space from addresses FFOOH to 
FFFFH is reserved for use as the system I/O area, 
-ocated in this area are the 12yuPD70208 registers that 

Figure 11. OPCN Register Format 



determine the 1/0 addressing, enable/disable periph- 
erals, and control pin multiplexing. 



I/O Address 


Register 


Operation 


FFFFH 
FFFEH 
FFFDH 


Reserved 

OPCN 

OPSEL 


Read /Write 
Read/Write 


FFFCH 
FFFBH 
FFFAH 


OPHA 
DULA 
lULA 


Read /Write 
Read/Write 
Read/Write 


FFF9H 
FFF8H 
FFF7H 


TULAL 

SULA 

Reserved 


Read/Write 
Read/Write 


FFF6H 
FFF5H 
FFF4H 


WCY2 
WCY1 
WMB 


Read/Write 
Read /Write 
Read /Write 


FFF3H 
FFF2H 
FFF1H 


Reserved 

RFC 

Reserved 


Read/Write 


FFFOH 


TCKS 


Read/Write 



On-Chip Peripheral Connection Register 

The on-chip peripheral connection (OPCN) register 
controls multiplexing of the /uPD70208 multiplexed 
pins. Figure 11 shows the format of the OPCN register. 
The interrupt request switch (IRSW) field controls 
multiplexing of ICU interrupt inputs INT1 and INT2. 
The output of an internal peripheral or an external 
interrupt source can be selected as the INT1 and INT2 
inputs to the ICU. 

The pin function (PF) field in the OPCN sel ects one o f 
four possi ble states for th e DMARQ3/RxD, DMAAK3/ 
TxD, and INTAK/SRDY/T0UT1 pins. Bit of the 
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TxD 


SRDY 
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11 
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OPCN controls the fun ction o f the INTAK/SRDY/ Internal Peripheral Relocation Registers 

T0UT1 pin. If cleared, INTAK will appe ar on this 
output pin. If bit is set, either T0UT1 or SRDY will 
appear at the output depending on the state of bit 1 . If 



bit 1 is cleared, DMA chann els I/O si gnals will appear 
on the DMARQ3/RxD and DMAAK3/TxD pins. If the 
SCU is to be used, bit 1 of the PF field must be set. 

On-ChIp Peripheral Selection Register 

The on-chip peripheral selection (OPSEL) register is 
used to enable or disable theyuPD70208 internal periph- 
erals. Figure 12 shows the format of the OPSEL 
register. Any of the four (DMAU, TCU, ICU, SCU) 
peripherals can be independently enabled or disabled 
by setting or clearing the appropriate OPSEL bit. 
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The five internal peripheral relocation registers (figure 
13) are used to fix the I/O addresses of the DMAU, ICU, 
TCU, and SCU. The on-chip peripheral high-address 
(OPHA) register is common to all four internal periph- 
erals and fixes the high-order byte of the 16-bit I/O 
address. The individual DMAU low-address (DULA) 
register, ICU low-address (lULA) register, TCU low- 
address (TULA) register, and the SCU low-address 
(SULA) register select the low-order byte of the I/O 
addresses for the DMAU, ICU, TCU, and SCU periph- 
erals. 

The contents of the OPHA register are: 

7 OPHA n 



Al5 Ai4 Ai3 Ai2 



^11 



Aio Ag As 



The formats for the individual internal peripheral re- 
gisters appear below. Since address checking is not 
performed, do not overlap two peripheral I/O address 

spaces. 
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Figure 13. /jPD70208 Peripheral Relocation 
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Timer Clock Selection Register 

The timer clock selection (TCKS) register selects the 
clock source for each of the timer/counters as well as 
the divisor for the internal clock prescaler. Figure 14 
shows the format of the TCKS register. The clock 



Figure 14. Timer Clock Se/ecf/on Register 



source for each timer/counter is independently select- 
ed from either the prescaled CLKOUT signal or from an 
external clock source (TCLK). The internal clock is 
derived from the CLKOUT signal and can be divided by 
2, 4, 8, or 16 before being presented to the clock select 
logic. 
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Refresh Control Unit 

The refresh control unit (RCU) refreshes external 
dynamic RAM devices by outputting a 9-bit row address 
on address lines As-Aq and performing a memory read 
bus cycle. External logic can distinguish a refresh bus 
cycle by monitoring the refresh request (REFRQ) pin. 
Following each refresh bus cycle, the refresh row 
counter is incremented. 

The refresh control (RFC) register in the system I/O 
area contains two fields. The refresh enable field 
enables or disables the refreshing function. The refresh 
timer (RTM) field selects a refresh interval to match the 
dynamic memory refresh requirements. Figure 15 
shows the format for the RFC register. 

To minimize the impact of refresh on the system bus 
bandwidth, the yuPD70208 utilizes a refresh request 
queue to store refresh requests and perform refresh 
bus cycles in otherwise idle bus cycles. 

The RCU normally requests the bus as the lowest- 
oriority bus requester (normal mode). However, if 
seven refresh requests are allowed to accumulate in 
he RCU refresh requestqueue, the RCU will change to 
he highest-priority bus requester (demand mode). 
The RCU will then perform back-to-back refresh cycles 
jntil three requests remain in the queue. This guar- 
mtees the integrity of the DRAM system while maximiz- 
ng performance. 



The refresh count interval can be calculated as follows: 

Refresh interval = 8 x N x tcvK 

where N is the timer factor selected by the RTM 
field. 

When the //PD70208 is reset, the RE field in the RFC 
register is unaffected and the RTM field is s et to 0100 
(N = 9). No refresh bus cycles occur while RESET is 
asserted. 

Figure 15. Ref resit Control Register 
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Wait Control Unit 

The wait control unit (WCU) inserts from zero to three 
wait states into a bus cycle jn order to compensate for 
the varying access times of memory and I/O devices. 
The number of wait states for CPU, DMAU, and RCU 
bus cycles is separately programmable. In addition, 
the memory address space is divided into three in- 
dependent partiti ons to a ccommodate a wide range of 
system designs. RESET initializes the WCU to insert 
three wait states in all bus cycles. This allows operation 
with slow memory and peripheral devices before the 
initialization of the WCU registers. 

The three system I/O area registers that control the 
WCU are wait cycle 1 (WCY1), wait cycle 2 (WCY2), 
and wait state memory boundary (WMB). The WCU 
always inserts wait states corresponding to the wait 
count programmed in WCY1 or WCY2 registers into a 
bus cycle, regardless of the state of the external 
READY input. After the programmed number of wait 
states occurs, the WCU will insert Tw states as long as 

Figure 16. Walt State Memory Boundary Register 



the READY pin remains inactive. When READY is again 
asserted, the bus cycle continues with T4 as the next 
cycle. The//PD70208 internal peripherals never require 
wait states; four clock cycles will terminate an internal 
peripheral bus cycle. 

GPU Wait States 

The WM B register divides the 1 M-byte memory address 
space into three independent partitions: lower, middle, 
and upper. Figure 16 shows the WMB register format. 

Initialization software can then set the number of wait 
states for each memory partition and the I/O partition 
via the WCY1 register (figure 17). 

DMA and Refresh Wait States 

The WCY2 register (figure 18) specifies the number of 
wait states to be automatically inserted in DMA and 
refresh bus cycles. 
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17. 


Wait Cycle 1 Register 
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Timer/Counter Unit 

The timer/counter unit (TCU) provides a set of tliree 
independent 16-bit timer/counters. Tiie output signal 
of timer/counter is iiardwired internally as an interrupt 
source. The output of timer/counter 1 is available 
internally as an interrupt source, used as a baud rate 
generator, or used as an external output. The timer/ 
cou nter 2 output is available as an external output. Due 
to mode restrictions, the TCU is a subset of the 



Figure 18. 
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yuPD71054 Programmable Timer/Counter. Figure 19 
shows the internal block diagram of the TCU. 

The TCU has the following features: 

• Three 16-bit timer/counters 

• Six programmable count modes 

• Binary/BCD counting 

• Multiple latch command 

• Choice of two clock sources 



E 



Figure 19. TCU Blocl( Diagram 
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Because RESET leaves the TCU in an uninitialized 
state, each timer/counter must be initialized by 
specifying an operating mode and a count. Once 
programmed, a timer/counter will continue to operate 
in that mode until another mode is selected. When the 
count has been written to the counter and transferred 
to the down counter, a new count operation starts. 
Both the current count and the counter status can be 
read while count operations are in progress. 

TCU Commands 

The TCU is programmed by issuing I/O instructions to 
the I/O port addresses programmed in the OPHA and 
TULA registers. The individual TCU registers are 
selected by address bits Ai and Aq as follows. 



Al 


Ao 


Register 


Operation 








TCTO 
TSTO 


Read/Write 
Read 





1 


TCT1 
TST1 


Read/Write 
Read 


1 





TCT2 
TST2 


ReadyWrite 
Read 


1 


1 


TMD 


Write 



The timer mode (TMD) register selects the operating 
mode for each timer/counter and issues the latch 
command for one or more timer/counters. Figure 20 
shows the format for the TMD register. 

Writes to the timer/counter 2-0 {TCT2-TCT0) registers 
stores the new count in the appropriate timer/counter. 
The count latch command is used before reading 
count data in order to latch the current count and 
prevent inaccuracies. 

The timer status 2-0 (TST2-TST0) registers contain 
status information forthespecified counter (figure 21). 
The latch command is used to latch the appropriate 
counter status before reading status information. If 
both status and counter data are latched for a counter, 
the first read operation returns the status data and 
subsequent read operations obtain the count data. 

Count Modes 

There are six programmable timer/counter modes. The 
timing waveforms for these modes are in figure 22. 

Mode [Interrupt on End of Count]. In this mode, 
TOUT changes from the low to high level when the 
specified count is reached. This mode is available on 
all timer/counters. 



Mode 1 [Retriggerable One-Shot]. In mode 1, a low- 
level one-shot pulse, triggered by TCTL2 is output 
from the T0UT2 pin. This mode is available only on 
timer/counter 2. 

Mode 2 [Rate Generator]. In mode 2, TOUT cyclically 
goes low for one clock period when the counter 
reaches the 0001 H count. A counter in this mode 
operates as a frequency divider. M\ timer/counters can 
operate using mode 2. 

Modes [Square-Wave Generator]. Mode 3 is a frequency 
divider similar to mode 2, but the output has a sym- 
metrical duty cycle. This mode is available on all three 
timer/counters. For counts of N = 2, use mode 2. 

Mode 4 [Software-Triggered Strobe]. In mode 4, when 
the specified count is reached, TOUT goes low for the 
duration of one clock pulse. Mode 4 is available on all 
timer/counters. 

Mode 5 [Hardware-Triggered Strobe]. Mode 5 is similar 
to mode 4 except that operation is triggered by the 
TCTL2 input and can be retriggered. This mode is 
available only on timer/counter 2. 

Serial Control Unit 

The serial control unit (SCU) is a single asynchronous 
serial channel that performs serial communication 
between the ywPD70208 and an external serial device. 
The SCU is similar to theyuPD71051 Serial Control Unit 
except for the lack of synchronous communication 
protocols. Figure 23 is the block diagram of the 
SCU. 

The SCU has the following features. 

• Full-duplex asynchronous serial controller 

• Clock rate divisor (x16, x64) 

• Baud rates to 38.4 kb/s supported 

• 7-, 8-bit character lengths 

• 1-, 2-bit stop bit lengths 

• Break transmission and detection 

• Full-duplex, double-buffered transmitter/receiver 

• Even, odd, or no parity 

• Parity, overrun, and framing error detection 

• Receiver full and transmitter empty interrupts 

TheSCU contains four separately addressable registers 
for reading/writing data, reading status, and control- 
ling operation of the SCU. The serial receive buffer 
(SRB) and the serial transmit buffer (STB) store the 
incoming and outgoing character data. The serial 
status (SST) register allows software to determine the 
current state of both the transmitter and receiver. The 
serial command (SCM) and serial mode (SMD) registers 
determine the operating mode of the SCU while the 
serial interrupt mask (SIMK) register allows software 
control of the SCU receive and transmit interrupts. 
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Figure 20. Timer Mode Register 
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Figure 21. TCU Status Register 
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Figure 22. TCU Waveforms (Sheet 1 of 3) 
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Figure 22. TCU Waveforms (Sheet 2 of 3) 
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Figure 22. TCU Waveforms (Sheet 3 of 3) 
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Figure 23. SCU Block Diagram 
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Receiver Operation 

While the RxD pin is high, the SCU is in an idle state. A 
transition on RxD fronn high to low indicates the start of 
a new serial data reception. When a complete character 
has been received, it is transferred to the SRB; the 
receive buffer ready (RBRDY) bit in the SST register is 
set and (if unmasked) an interrupt is generated. The 
SST also latches any parity, overrun, or framing errors 
at this time. 

The receiver detects a break condition when a null 
character with zero parity is received. The BRK bit is 
jet for as long as the subsequent receive data is low 
and resets when RxD returns to a high level. The MRDY 
Dit (S CM) and RBR DY (SST) are gated to form the 
Dutput SRDY. SRDY prevents overruns from occurring 
when the program is unable to process the input data. 
Software can control MRDY to prevent data from being 
>ent from the remote transmitter while RBRDY can 
jrevent the immediate overrun of a received character. 



stream (LSB to MSB) and an optional parity bit. One or 
two stop bits are then appended, depending on the 
programmed mode. When the character has been 
transferred from the STB, the TRBDY bit in the SST is 
set and if unmasked, a transmit buffer empty interrupt 
is generated. 

Serial data can be transmitted and received by polling 
the SST register and checking the TBRDY or RBRDY 
flags. Data can also be transmitted and received by 
SCU-generated interrupts to the interrupt control unit. 
The SCU generates an interrupt in either of these 
conditions: 

(1 ) The receiver is enabled, the SRB is full, and receive 
interrupts are unmasked. 

(2) The transmitter is enabled, the STB is empty, and 
transmit interrupts are unmasked. 



Transmitter Operation 

'xD is kept high while the STB register is empty. When 
he transmitter is enabled and a character is written to 
he STB register, the data is converted to serial format 
ind output on the TxD pin. The start bit indicates the 
tart of the transmission and is followed by the character 
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SCU Registers and Commands 

I/O instructions to the I/O addresses selected by the 
OPHA and SULA registers are used to read/write the 
SCU registers. Address bits Ai and Aq and the read/ 
write lines select one of the six internal registers as 
follows: 



Al 


Ao 


Register 


Operation 








SRB 
STB 


Read 
Write 
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SST 
SCM 


Read 
Write 


1 





SMD 


Write 


1 


1 


SIMK 


Read/Write 



The SRB and STB are 8-bit registers. When the 
character length is 7 bits, the lower 7 bits of the SRB 
registerarevalidandbit7isclearedto0. If programmed 
for 7-bit characters, bit 7 of the STB is ignored. 

Figure 24. SST Register 



The SST register (figure 24) contains the status of the 
transmit and receive data buffers and the error flags. 
Error flags are persistent. Once an error flag is set, it 
remains set until a clear error flags command is issued. 

Figure 25 shows the SCM and SMD registers. The SCM 
register stores the command word that controls 
transmission, reception, error f lag res et, break trans- 
mission, and the state of the SRDY pin. The SMD 
register stores the mode word that determines serial 
characteristics such as baud rate divisor, parity, char- 
acter length, and stop bit length. 

Initialization software should first program the SMD 
register followed by the SCM register. Unlike the 
/UPD71051, the SMD register can be modified at any 
time without resetting the SCU. 

The SIMK register (figure 26) controls the occurrence 
of RBRDY and TBRDY interrupts. When an interrupt is 
masked, it is prevented from propagating to the inter- 
rupt control unit. 
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Figure 25. SCM and SMD Registers 
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Figure 26. SIMK Register 
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Interrupt Control Unit 

The interrupt control unit (ICU) is a prograinmable 
interrupt controller equivalent to the ^fPD71059. The 
ICU arbitrates up to eight interrupt inputs, generates a 
CPU interrupt request, and outputs the interrupt vector 
nunnber on the internal data bus during an interrupt 
acknowledge cycle. Cascading up to seven external 
slave //PD71059S permits the /uPD70208 to support up 
to 56 interrupt sources. Figure 27 is the block diagram 
for the ICU. 



The ICU has the following features. 

• Eight interrupt request inputs 

• Cascadable with /uPD71059 Interrupt Controllers 

• Programmable edge- or level-triggered interrupts 
(TCU, edge-triggered interrupts only) 

• Individually maskable interrupt requests 

• Programmable interrupt request priority 

• Polling mode 

ICU Registers 

Use I/O instructions to the I/O addresses selected by 
the OPHA and lULA registers to read from and write to 
the ICU registers. Address bit Aq and the command 
word selects an ICU internal register. 
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Note: 

(1) In polling phase, polling data has priority over the contents of 
the IRQ or IIS register when read. 



Figure 27. iCU Biocli Diagram 
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Initializing the ICU 

The ICU is always used to service maskable interrupts 
in a yuPD70208 system. Prior to accepting maskable 
interrupts, the ICU must first be initialized (figure 28). 
Following initialization, command words from the CPU 
can change the interrupt request priorities, mask/un- 
mask interrupt requests, and select the polling mode. 
Figures 29 and 30 list the ICU initialization and com- 
mand words. 

Interrupt initialization words 1-4 (IIW1-IIW4) initialize 
the ICU, indicate whether external /uPD71059s are 
connected as slaves, select the base interrupt vector, 
and select edge- or level-triggered inputs for INT1- 
INT7. Interrupt sources from the TCU are fixed as 
edge-triggering. INTO is internally connected to 
TOUTO, and INT2 may be connected to T0UT1 by the 
IRSW field in the OPCN. 

The interrupt mask word (IMKW) contains program- 
mable mask bits for each of the eight interrupt inputs. 
The interrupt priority and finish word (IPFW) is used by 
the interrupt handler to terminate processing of an 
interrupt or change interrupt priorities. The interrupt 
mode word (IMDW) selects the polling register, inter- 
rupt request (IRQ) or interrupt in service (IIS) register, 
and the nesting mode. 

The initialization words are written in consecutive 
order starting with IIW1 . 1 IW2 sets the interrupt vector. 
1 1 W3 specifies which interrupts are connected to slaves. 
I IW3 is only required in extended systems. The ICU will 
only expect to receive I IW3 if SNGL = (bit Di of IIW1). 
IIW4 is only written if 114 = 1 (bit Dq of IIW1). 

iuPD71059 Cascade Connection 

To increase the number of maskable interrupts, up to 
seven slave /uPD71059 Interrupt Controllers can be 
cascaded. During cascade operation (figure 31), each 

Figure 28. Initialization Sequence 
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slave /UPD71059 INT output is routed to one of the 
yL/PD70208 INTP inputs. During the second interrupt 
acknowledge bus cycle, the ICU places the slave 
address on address lines A-iq-As- Each slave com- 
pares this address with the slave address programmed 
using interrupt initialization word 3 (I1W3). If the same, 
the slave will place the interrupt vector on pins AD7- 
ADo during the second interrupt acknowledge bus 
cycle. 

Figure 29. Interrupt Initialization Words 1-4 
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Figure 30. Command Words 
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Figure 31. fjPD71059 Cascade Connection 
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DMA Control Unit 

The DMA Control Unit (DMAU) is a high-speed DiVIA 
controller compatible with the /uPD71071 DMA Con- 
troller. The DMAU has four independent DMA channels 
and performs high-speed data transfers between 
memory and external peripheral devices at speeds as 
high as 2 megabytes/second in an 8-MHz system. 
Figure 32 is the block diagram for the DMAU. 

The DMAU has the following features. 

Four independent DMA channels 

Cascade mode for slave /yPD71071 DMA controllers 

20-bit address registers 

16-bit transfer count register 

Single, demand, and block transfer modes 

Bus release and bus hold modes 

Autoinitialization 

Address increment/decrement 

Fixed/rotating channel priorities 

TC output at transfer end 

Forced termination of service by END input 

DMAU Basic Operation 

The DMAU operates in either a slave or master mode. 
I n the slave mode, the DMAU samples the four DMARQ 
input pins every clock. If one or more inputs are active, 
the corresponding DMA request bits are set and the 
DMAU sends a bus request to the BAU while continuing 
to sample the DMA request inputs. After the BAU 
returns the DMA bus acknowledge signal, the DMAU 
stops DMA request sampling, selects the DMA channel 
with the highest priority, and enters the bus master 
mode to perform the DMA transfer. While in the bus 
master mode, the DMAU controls the external bus and 
performs DMA transfers based on the preprogrammed 
channel information. 



Terminal Count 

The DMAU ends DMA service when the termi nal count 
condition is generated or when the END input is 
asserted. A terminal count (TC) is produced when the 
contents of the current count register becomes zero. If 
autoinitialization is not enabled when DMA service 
terminates, the mask bit of the channel is set and the 
DMARQ input of that channel is masked. Otherwise, 
the current count and address registers are reloaded 
from the base registers and new DMA transfers are 
again enabled. 

DI\/IA Transfer Type 

The type of transfer the DMAU performs depends on 
the following conditions. 

• Direction of the transfer (each channel) 

• Transfer mode (each channel) 

• Bus mode 

Transfer Direction 

All DMA transfers use memory as a reference point. 
Therefore, a DMA read operation transfers data from 
memory to an I/O port. A DMA write reads an I/O port 
and writes the data to memory. During memory-to-l/0 
transfer, the DMA mode (DMD) register is used to 
select the transfer directions for each channel and 
activate the appropriate control signals. 



Operation 


Transfer Direction 


Activated Signals 


DMA read 
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DMA write 


I/O-* Memory 
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DMA verify 




Addresses only; no transfer 
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Figure 32. DMAU Block Diagram 



Internal Address Bus 



Internal Data Bus 



<30 



Internal Control Bus 
BAU 



BUSRQ ■« 

BUSAK 



4 



^ 



Internal Bus 
Interface 



DMAU Address Bus (20) 



Address Incrementer/ 

Decrementer 

(20) 



Address 
Register 



H 



Current Address (20x4) 



Base Address (20x4) 



DMAU Data Bus 



H 



Control Register Group 



Count 



DMAAK3-0 



H 



K 


Priority Control 


Register 


1 Base Count (16x4) | 


1 ^ 




1 


1 Current Count (16x4) | 


V 


/< 




i\ 


<, 


N 


Terminal Count 


Count 
Decrementer (16) 









Channel (4) 



Device Control (10) 



Status (8) 



Mode Control (7x4) 



Mask (4) 



Bus Mode 

The DMA device control (DDC) register selects oper- 
ation in either the bus release or bus hold mode. The 
selected bus mode determines the DMAU conditions 
for return of the bus to the BAU. Figure 33 shows 
that in bus release mode, only one channel is serviced 
after the DMAU obtains the bus. When DMA service 
ends (termination conditions depend on the transfer 
mode), the DMAU returns the bus to the BAU regardless 
of the state of other DMA requests, and the DMAU 
reenters the slave mode. When the DMAU regains use 
of the bus, a new DMA operation can begin. 

In bus hold mode, several channels can receive con- 
tiguous service without releasing the bus. If there is 
another valid DMA request when a channel's DMA 
service is finished, the new DMA service can begin 
immediately after the previous service without return- 
ing the bus to the BAU. 



Figure 33. Bus Modes 
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Transfer Modes 

The DMD register also selects either single, demand, 
or block transfer mode for each channel. The conditions 
for the termination of each transfer characterize each 
transfer mode. The following table shows the various 
transfer modes and termination conditions. 



Transfer Mode 



Termination Conditions 



Single 



After each byte/word transfer 



Demand 



END input 
Terminal count 
Inactive DMARQ 

DMARQ of a higher priority channel 
becomes active (bus hold mode) 



Blocl< 



END input 
Terminal count 
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The operation of single, demand, and blocic mode 
transfers depends on whether the DMAU is in bus 
release or bus hold mode. Figure 34 shows the oper- 
ation flow for the six possible transfer and bus mode 
operations in DMA transfer. 

Single-Mode Transfer. In bus release mode, when a 
channel completes transfer of a single byte, the DMAU 
enters the slave mode regardless of the state of DMA 
request inputs. In this manner, other lower-priority bus 
masters will be able to access the bus. 

In bus hold mode, when a channel completes transfer 
of a single byte, the DMAU terminates the channel's 
service even if the DMARQ request signal is asserted. 
The DMAU will then service any other requesting 
channel. If there are no requests from any other DMA 
channels, the DMAU releases the bus and enters the 
slave state. 

Demand-Mode Transfer. In bus release mode, the 
currently active channel continues to transfer data as 
long as the DMA request of that channel is active, even 
though other DMA channels are issuing higher-priority 
requests. When the DMA request of the serviced 
channel becomes inactive, the DMAU releases the bus 
and enters the slave state. 

In bus hold mode, when the active channel completes a 
single transfer, the DMAU checks the other DMA 
request lines without ending the current service. If 
there is a higher-priority DMA request, the DMAU 
stops the service of the current channel and starts 
servicing the highest-priority channel requesting serv- 
ice. If there is no higher request than the current one, 
the DMAU continues to service the currently active 
channel. Lower-priority DMA requests are honored 
without releasing the bus after the current channel 
service is complete. 

Block-Mode Transfer. In bus release mode, the current 
channel continues DMA transfers until a terminal 
count or the external END input becomes active. 
During this time, the DMAU ignores all other DMA 
requests. After completion of the block transfer, the 
DMAU releases the bus and enters the slave state, even 
if DMA requests from other channels are active. 

In bus hold mode, the current channel transfers data 
until an internal or external END signal becomes 
active. When the service is complete, the DMAU 
checks all DMA requests without releasing the bus. If 
there is an active request, the DMAU immediately 
begins servicing the request. The DMAU releases the 
bus after it honors all DMA requests or a higher-priority 
bus master requests the bus. 



Byte Transfer 

The DMD register can specify only byte DMA transfers 
for each channel. Depending on the mode selected, the 
address register can either increment or decrement 
whereas the count register is always decremented. 

Autoinltialize 

When the DMD register selects autoinltialize for a 
channel, the DMAU automatica lly re initializes the ad- 
dress and count registers when END is asserted or the 
terminal count condition is reached. The contents of 
the base address and base count registers are transfer- 
red to the current address and current count registers, 
and the applicable bit of the mask register remains 
cleared. 

Channel Priority 

Each of the four DMAU channels is assigned a priority. 
When multiple DMA requests from several channels 
occur simultaneously, the channel with the highest 
priority will be serviced first. The DDC register selects 
one of two priority schemes: fixed or rotating (figure 
35). In fixed priority, channel is assigned the highest 
priority and channel 3, the lowest. In rotating priority, 
priority order is rotated after each service so that the 
channel last serviced receives the lowest priority. This 
method prevents the exclusive servicing of higher- 
priority channels and the lockout of lower-priority 
DMA channels. 
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Figure 34. Transfer Modes 
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Cascade Connection 

Slave fJlPD7^07^ DMA Controllers can be cascaded to 
easily expand the system DMA channel capacity to 16 
DMA channels. Figure 36 shows an example of cascade 
connection. During cascade operation, the DMAU acts 
as a mediator between the BAU and the slave 
/uPD71071s. All other bus outputs are disabled while a 
slave DMA controller is active. 



The DMAU always operates in the bus hold mode while 
a cascade channel is in service, even when the bus 
release mode is programmed. Other DMA requests are 
held pending while a slave //PD71071 channel is in 
service. When the cascaded //PD71071 ends service 
and moves into the slave state, the DMAU also moves 
to the slave state and releases the bus. At this time, all 
bits of the DMAU request register are cleared. The 
DMAU continues to operate normally with the other 
noncascaded channels. 



Figure 35. 
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Figure 36. 


HPD71071 Cascade Example 
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Bus Waiting Operation 

The DMAU will automatically perform a bus waiting 
operation (figure 37) whenever the RCU refresh request 
queue fills. When the DMA bus acknowledge goes 
inactive, the DMAU enters the bus waiting mode and 
inactivates the DMA bus request signal. Control of the 
bus is then transferred to the higher-priority RCU by 
the BAU. 

Two clocks later, the DMAU reasserts its internal DMA 
bus request. The bus waiting mode is continued until 
the DMA bus acknowledge signal again becomes 
active and the interrupted DMA service is immediately 
restarted. 

Programming tlie DIVIAU 

To prepare a channel for DMA transfer, the following 
characteristics must be programmed. 

• Starting address for the transfer 

• Transfer count 

• DMA operating mode 

• Transfer size (byte/word) 

The contents of the OPHA and DULA registers deter- 
mine the base I/O port address of the DMAU. Addresses 
A3-A0 are used to select a particular register as follow: 



A3 


A2 


Al 


Ao 


Register 


Operation 






















DICM 
DCH 

DBC/DCC (low) 
DBC/DCC (high) 


Write 

Read /Write 
Read/Write 
Read/Write 








1 
1 
1 
1 










DBA/DCA (low) 
DBA/DCA (high) 
DBA/DCA (upper) 
Reserved 


Read/Write 
Read/Write 
Read/Write 


















DDC (low) 
DDC (high) 
DMD 
DST 


Read /Write 
Read /Write 
Read/Write 
Read 




1 
1 
1 
1 










Reserved 
Reserved 
Reserved 
DMK 


Read /Write 



Word I/O instructions can be used to read/write the 
register pairs listed below. All other registers are 
accessed via byte I/O instructions. 

DBC/DCC 

DBA/DCA (higher/lower only) 

DDC 



DiVlAU Registers 

Initialize. The DMA initialize command (DICM) register 
(figure 38) is used to perform a software reset of the 
DMAU. The DICM is accessed using the byte OUT 
instruction. 

Channel Register. Writes to the DMA channel (DCH) 
register (figure 39) select one of the four DMA 
channels for programming and also the base/current 
registers. Reads of the DCH register return the cur- 
rently-selected channel and the register access mode. 

Count Registers. When bit 2 of the DCH register is 
cleared, a write to the DMA count register updates both 
the DMA base count (DBC) and the DMA current count 
(DCC) registers with a new count. If bit 2 of the DCH 
register is set, a write to the DMA count register affects 
only the DBC register. The DBC register holds the 
initial count value until a new count is specified. If 
autoinitialization is enabled, this value is transferred to 
the DCC register when a terminal count or END 
condition occurs. For each DMA transfer, the current 
count register is decremented by one. The format of 
the DMA count register is shown below. The count 
value loaded into the DBC/DCC registers is one less 
than the desired transfer count. 

7 2H, IN/OUT 



1 

C7 


1 


III! 
C5 C4 C3 C2 


Ci 


Co 


7 




3H, IN/OUT 







Cl5 


Ci4 


II 1 1 
Ci3 C12 C11 C10 


C9 


Cs 



Address Register. Use either byte or word I/O in- 
structions with the lower two bytes (4H and 5H) of the 
DMA address register. However, byte I/O instructions 
must be used to access the high-order byte (6H) of this 
register. When bit 2 of the channel register is cleared, a 
write to the DMA address register updates both the 
DMA base address (DBA) and the DMA current address 
(DCA) registers with the new address. If bit 2 of th€ 
DCH register is set, a write to the DMA address registe 
affects only the DBA register. 



7 




4H, IN/OUT 







A7 


Ae 


1 1 1 1 
A5 A4 A3 A2 


Ai 


Ao 


7 




5H, IN/OUT 







Al5 


Ai4 


1 1 1 1 
Al3 A12 A11 A10 


Ag 


As 


7 




6H, IN/OUT (Byte only) 









— 


III! 
— — Ai9 A18 


Al7 


A16 
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The DBA register holds the starting address value until 
a new address is specified. This value is transferred to 
the DCA register automatically if autoinitialization is 
selected. For each DMA transfer, the current address 
register is incremented/decremented by one. 

Device Control Register. The DMA device control 
(DDC) register (figure 40) is used to to program the 
DMA transfer characteristics common to all DMA 
channels. It controls the bus mode, write timing, 
priority logic, and enable/disable of the DMAU. 



Status Register. The DMA status (DST) register (figure 
41) contains information about the current state of 
each DMA channel. Software can determine if a termin- 
ation condition has been reached (TC3-TC0) or if a 
DMA service request is present (RQ3-RQ0). The byte 
IN instruction must be used to read this register. 



Figure 37. Bus Waiting Operation 
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Figure 38. DMA Initialize Command Register 



Initialize 










7 6 


5 4 3 2 


1 


OUT (Byte only) 




nH 1 1 1 


II 1 1 


1 RES 


OH 1 1 1 


1 1 1 1 








, 


Reset 





No operation 




1 


Reset 


Note: 










[1] The DMAU initializes as follows: 








Register 


initialization Operation 










Initialize 


Clears all bits 




Address 


No change 








Count 


No change 








Channel 


Selects channel 








Mode Control 


Clears ail bits 








Device Control 


Clears all bits 








Status 


Clears all bits 








Mask 


Sets ali bits [masks all channels] 














83-001 859B 



3-147 



A/PD70208 (V40) 



SEC 



Figure 39. DMA Channel Register 



Channel Register Read 

7 6 5 4 3 2 1 








83-003820B 


1H 1 — 1 — 1 — 1 BASE 1 SEL3 1 SEL2 1 SELi 1 SELo 


IN (Byte only) 




1 


1 






Selected 
Channel 


0001 


Channel 


0010 


Channel 1 






0100 


Channel 2 




1000 


Channel 3 


Base Only 





Current (read), Base 
and Current (write) 








1 


Base (read/write) 


Channel Register Write 

7 6 5 4 3 2 1 


OUT (Byte only) 


1H 1 — 1 — 1 — 1 — 1 — |base| SELCH 






L 


^ 






Select 
Channel 


00 


Channel 




01 


Channel 1 






10 


Channel 2 




11 


Channel 3 


Base Only 





Select Current (read), 
select both Base and 
Current (write) 








1 


Select Base (read/write) 















Figure 40. DMA Device Control Register 



7 6 5 4 3 2 10 


IN/OUT 








8H 1 — 1 — 1 EXW 1 ROT 1 — |dDMA| — | — 












Disable DIVIA 
Operation(i) 





Enable 






1 


Disable 




Priority 





Fixed 






1 


Rotational 




Extended 
Writing (2) 





Normal 






1 


Extended 


7 6 5 4 3 210 


IN/OUT 






9h| — | — | — |-|— |— 1 WEV 1 BHLD 












. 







Bus Release 










1 


Bus Hold 




Wait Enable 
During Verify(3) 





Disable 








1 


Enable 




Note: 










[1] Disables BUSRQ to the BAU to prevent incorrect DMA 








operation while the DMAU registers are being initialized 








or modified. 








[2] When EXW is 0, the write signal becomes active [normal 








write] during T3 and TW [see timing waveforms]. When 1, 








the write signal becomes active during T2, T3, and TW [like 








the read signal]. 








[3] Wait states are generated by the READY signal during a 








verify transfer. 
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Figure 41. 


DMA Status Register 






















7 6 5 


4 


3 


2 


1 





IN (Byte only) 


83-001860B 


OBH 1 RQs 1 RQ2 | RQl 


RQO 


TC3 

L_ 


TC2 


TCi 


TCo 








Terminal 
Count 





Not ended (for each read) 


1 


END or terminal 
count 






DMA 
Request 





No DMA request active 


1 


DMA request active 





















Mode Control Register. The DMA mode (DMD) register 
(figure 42) selects tiie operating mode for each DMA 
channel. The DCHregisterselectswhich DMD register 
will be accessed. A byte IN/OUT instruction must be 
used to access this register. 

Mask Register Read/Write. The DMA mask (DMK) 
register (figure 43) allows software to individually 
enable and disable DMA channels. The DMK register 
can only be accessed via byte I/O instructions. 

Reset 



Register 



Reset Value 



The falling edge of the RESET signal resets the 
uPD70208. The signal must be held low for at least four 
clock cycles to be recognized as valid. 



:PU Reset State 
iegister 


Reset Value 


'FP 

'C 

'S 


OOOOH 
OOOOH 
FFFFH 


;s 

ISO 
SI 


OOOOH 
OOOOH 
OOOOH 


SW 

W, BW, CW, DW, 

(, lY, BP, SP 


F002H 
Undefined 


istruction queue 


Cleared 



\/hen RESET returns to the high level, the CPU will 
tart fetching instructions from physical address 
FFFOH. 

iternal Peripheral Devices 

iternal peripheral devices initialized on reset are 
3ted in the following table. I/O devices not listed are 
Dt initialized on reset and must be initialized by 
)ftware. 



System 
I/O area 


OPCN 

OPSEL 

WCY1 


-■--0000 

0000 

11111111 




WCY2 
TCKS 
RFC 


----1111 
---00000 
X--01000 


SCU 


SMD 
SCM 
SIMK 


01001011 
--0000-0 

11 




SST 
DCH 
DMD 


10000100 
---00001 
000000-0 


DMAU 


DDC (low) 
DDC (high) 
DST 


--00-0-- 

00 

xxxxOOOO 




DMK 


— 1111 




Symbols: x = unaffected; = cleared; 1 = set; (-) = unused. 

Output Pin Status 

The following table lists output pin status during reset. 



Signal 


Status 


INTAK, BUFEN, BUFR/W, 
MRD, MWR, END/TC, lOWR, iORD, 
REFRQ, BS?-BSn, BUSLOCK, 
RESOUT, DMAAK3-DMAAK0 


High level 


QSi-QSo, ASTB, HLDAK 


Low level 


Al9-Ai6/PS3-PSo,TOUT2 


High or low level 


A15-A8, AD7-AD0 


High impedance 


CLKOUT 


Continues to supply clock 
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Figure 42. DMA Mode Register 



OAH 1 


7 6 


5 


4 


3 2 











83-002734B 


TMODE 


1 ADIR 


AUTI 1 


TDIR 1 - 


- 1 - 














1 1 










Transfer 
Direction 


00 


Verify 


01 


l/0-to-memory 








10 


Memory-to-i/0 




11 


Not ailowed 


Auto- 
initialize 





Disabie 










1 


Enabie 




Address 
Direction 





increment 












1 


Decrement 




Transfer 
Mode 


00 


Demand 


01 


Single 














10 


Block 




11 


Cascade 



























Figure 43. 


DMA Mask Register 
























7 6 


5 


4 


3 


2 


1 





IN/OUT (Byte only) 


83-003829B 


OFH 1 - 1 - 






1 M3 


M2 


Ml 


MO 








DMARQ 
Mask 





Not masked 






1 


Masked 
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Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre- 
fetched and is present in the four-byte instruction 
queue. Otherwise, add four clocks for each byte not 
present. 

For instructions that reference memory operands, the 
number on the left side of the slash (/) is for byte 
operands and the number on the right side is for word 
operands. 

For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 



Symbols 



Symbol 


Meaning 


ICC 


Accumulator (AW or AL) 


lisp 


Displacement (8 or 16 bits) 


Imem 


Direct memory address 


St 


Destination operand or address 


xt-disp8 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


jrJabel 


Label within a different program 
segment 


ir_prac 


Procedure within a different program 
segment 


1-0 p 


Floating point instruction operation 


im 


8- or 16-bit immediate operand 


im3/4 


3/4-bit immediate bit offset 


im8 


8-bit immediate operand 


im16 


16-bit immediate operand 


3m 


Memory field (000 to 111); 
8- or 16-bit memory location 



Symbol 


Meaning 


mem8 


8-bit memory location 


memlG 


16-bit memory location 


mem32 


32-bit memory location 


memptr16 


Word containing the destination address 
within the current segment 


memptr32 


Double word containing a destination 
address in another segment 


mod 


Mode field (00 to 10) 


nearJabel 


Label within the current segment 


near_proc 


Procedure within the current segment 


offset 


Immediate offset data (16 bits) 


pop_value 


Number of bytes to discard from the stacl< 


reg 


Register field (000 to 111); 

8- or 16-bit general-purpose register 


reg8 


8-bit general-purpose register 


regie 


16-bit general-purpose register 


regptr 


16-bit register containing a destination 
address within the current segment 


regptrie 


Register containing a destination address 
within the current segment 


seg 


Immediate segment data (16 bits) 


short-iabel 


Label between -128 and +127 bytes from 
the end of the current instruction 


sr 


Segment register 


src 


Source operand or address 


temp 


Temporary register (8/16/32 bits) 


tmpcy 


Temporary carry flag (1 bit) 


AC 


Auxiliary carry flag 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


AND 


Logical product 


AW 


Accumulator (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


BP 


BP register 


BRK 


Breal< flag 


BW 


BW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 


CW 


CW register (16 bits) 


CY 


Carry flag 


DH 


DW register (high byte) 


DIR 


Direction flag 


DL 


DW register (low byte) 
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Symbols (cont) 



Flag Operations 



Symbol 


Meaning 


DSO 


Data segment register (16 bits) 


DS1 


Data segment 1 register (16 bits) 


DW 


DW register (16 bits) 


IE 


Interrupt enable flag 


IX 


Index register (source) (16 bits) 


lY 


Index register (destination) (16 bits) 


MD 


Mode flag 


OR 


Logical sum 


P 


Parity flag 


PC 


Program counter (16 bits) 


PS 


Program segment register (16 bits) 


PSW 


Program status word (16 bits) 


R 


Register set 


S 


Sign extend operand field 
S = No sign extension 
8 = 1 Sign extend immediate byte 
operand 


S 


Sign flag 


SP 


Stack pointer (16 bits) 


SS 


Stacl< segment register (16 bits) 


V 


Overflow flag 


w 


Word/byte field (0 to 1) 


X, XXX, YYY, III 


Data to identify the instruction code of the 
external floating point arithmetic chip 


XOR 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 


z 


Zero flag 


{) 


Values in parentheses are memory contents 


*- 


Transfer direction 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


- 


Division 


% 


Modulo 



Symbol Meaning 


(blank) No change 


Cleared to 


1 Set to 1 


X Set or cleared according to result 


u Undefined 


R Restored to previous state 


Memory Addressing Modes 


mem mod = 00 mod = 01 


mod = 10 


000 BW + IX BW -h IX + dispS 


BW -h IX + dispie 


001 BW -h lY BW + lY -F disp8 


BW-hlY-l-disp16 


010 BP + IX BP + IX + disp8 


BP + IX + disp16 


Oil BP + lY BP -MY -f disp8 


BP -h lY -1- disp16 


100 IX IX-hdisp8 


IX4-disp16 


101 lY IY-hdisp8 


lY + disp16 


110 Direct BP 4- disp8 


BP-hdisp16 


111 BW BW-^disp8 


BW + dispie 


Register Selection (mod =11) 


reg W = 


W = 1 


000 AL 


AW 


001 CL 


CW 


010 DL 


DW 


Oil BL 


BW 


100 AH 


SP 


101 CH 


BP 


110 DH 


IX 


111 BH 


lY 


Segment Register Selection 


sr Segment Register 


00 DS1 


01 PS 


10 SS 


11 DSO 
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Instruction Set 



Mnemonic Operand 



Data Transfer Instructions 



MOV 



Opcode 
76543210 7654321 



Clocks Bytes AC CY V P S Z 



reg, reg 




1 








1 





1 


w 


1 1 




reg 


reg 


2 


2 


mem, reg 




1 








1 








w 


mod 




reg 


mem 


7/11 


2-4 


reg, mem 




1 








1 





1 


w 


mod 




reg 


mem 


10/14 


2-4 


mem, imm 




1 1 











1 


1 


w 


mod 




reg 


mem 


9/13 


3-6 


reg, imm 




1 


1 


1 


w 




reg 












4 


2-3 


ace, dmem 




1 


1 














w 










10/14 


3 


dmem, ace 




1 


1 











1 


w 










9/13 


3 


sr, regie 




1 








1 




1 





1 1 





sr 


reg 


2 


2 


sr, mem16 




1 








1 




1 





mod 





sr 


mem 


14 


2-4 


regie, sr 




1 








1 










1 1 





sr 


reg 


2 


2 


memie, sr 




1 








1 










mod 





sr 


mem 


12 


2-4 


DSO, regie. 


mem32 


1 1 
















1 


mod 




reg 


mem 


25 


2-4 


DS1, regie, 


mem32 


1 1 



















mod 




reg 


mem 


25 


2-4 


AH, PSW 




1 





1 


1 




1 


1 










2 


1 






PSW, AH 










1 


1 


1 1 








3 1 X X X X X 


LDEA 


regie, memie 













1 


1 1 


mod 


reg 


mem 


4 2-4 


TRANS 


src-table 




1 





1 





1 1 1 








9 1 


<CH 


reg, reg 
















1 1 w 


1 1 


reg 


reg 


3 2 




mem, reg 
















1 1 w 


mod 


reg 


mem 


13/21 2-4 




AW, regie 










1 





reg 








3 1 


Repeat Prefixes 


lEPC 







1 


1 








1 1 








2 1 


lEPNC 







1 


1 








1 








2 1 


lEP 

EPE 

EPZ 




1 


1 


1 


1 





1 1 








2 1 


EPNE 
EPNZ 




1 


1 


1 


1 





1 








2 1 


!/ocfr Transfer Instructions 


OVBK 


dst, sre 















1 w 








1 
9 (9) + 8n (W = 0) 
9 (17) + 16n (W = 1) 


WPBK 


dst, sre 















1 1 w 








1 X X X X X X 

7 (13) + 14n (W = 0) 
7 (21) + 22n (W = 1) 


yipivi 


dst 












1 


1 1 w 








1 X X X X X X 

7 (7) + lOn (W = 0) 
7(11) + 14n(W = 1) 


'IVI 


sre 












1 


1 w 








1 
7 (7) + 9n (W = 0) 
7(11)-h13n(W = 1) 


iM 


dst 












1 


1 w 








1 
5 (5) + 4n (W = 0) 
5 (9) + 8n (W = 1) 


n = number of transfers 
String instruction execution clocl<s for a single instruction execution are in parentheses. 
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NEC 



Instruction Set (cont) 


Mnemonic 


Operand 


7 6 


5 4 


3 


2 


1 


Opcode 
7 


6 5 4 3 2 1 G 


Clocks Bytes 


Flags 
AC CY V P S 2 


I/O Instructions 


IN 


ace, immS 


1 1 


1 










W 




9/13 2 






ace, DW 


1 1 


1 


1 







w 




8/12 1 




OUT 


imm8, ace 


1 1 


1 







1 


w 




8/12 2 






DW, ace 


1 1 


1 


1 




1 


w 




8/12 1 




INM 


dst, DW 


1 


1 


1 







w 




1 
9 (10) + 8n (W = 
9 (18) + 16n (W 


0) 
= 1) 


OUTM 


DW, sre 


1 


1 


1 


1 


1 


w 




1 
9 (10) + 8n (W = 
9 (18) + 16n (W 


0) 

= 1) 






String instruction execution clocks for a 


n = number of transfers 

single instruction execution are in parentheses. 


BCD Instructions 



ADJBA 










1 


1 





1 1 1 
















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4A 










1 








1 1 1 
















3 


1 


X 


X 


u 


X 


X 


X 


ADJBS 










1 


1 




1 1 1 
















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4S 










1 







1 1 1 
















3 


1 


X 


X 


u 


X 


X 


X 


ADD4S 


dst, src 
















1 1 1 























7 + 19n 


2 


u 


X 


u 


u 


u 


X 


SUB4S 


dst, src 
















1 1 1 

















1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


CMP4S 


dst, src 
















1 1 1 














1 


1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


R0L4 


reg8 




1 




1 












1 1 1 
reg 











1 











13 


3 
















mem8 



mod 













1 1 1 
mem 











1 











25 


3-5 














R0R4 


regS 




1 




1 













1 1 1 
reg 











1 





1 





17 


3 
















mem8 
















1 1 1 











1 





1 





29 


3-5 















mod mem 



n = number of BCD digits divided by 2 


Data Type Conversion Instructions 


CVTBD 1 


1 1 


0100 00001010 15 


2 


U U U X X X 


CVTDB 1 


1 


0101 00 01010 7 


2 


U U U X X X 


CVTBW 1 





10 2 


1 




CVTWL 1 





10 1 4/5 


1 




Arithmetic instructions 



ADD 



reg, reg 




















1 W 


1 1 


reg 




reg 


2 


2 


X 


X 


X 


X 


X 


X 


mem, reg 




















W 


mod 


reg 




mem 


13/21 


2-4 


X 


X 


X 


X 


X 


X 


reg, mem 




















1 W 


mod 


reg 




mem 


10/14 


2-4 


X 


X 


X 


X 


X 


X 


reg, imm 


1 

















s w 


1 1 








reg 


4 


3-4 


X 


X 


X 


X 


X 


X 


mem, imm 


1 

















S W 


mod 








mem 


15/23 


3-6 


X 


X 


X 


X 


X 


X 



ace, imm 



1 W 



2-3 



X X X X X X 
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Instruction Set (cont) 



Mnemonic Operand 



Opcode 
76543210 76543210 



Clocks Bytes 



Flags 
AC CY V P S Z 



Arltfimetic Instructions (cont) 



ADDC 


reg, reg 











1 








1 


w 


1 1 




reg 




reg 


2 


2 


X 


X 


X 


X 


X 


X 




mem, reg 











1 











w 


mod 




reg 




mem 


13/21 


2-4 


X 


X 


X 


X 


X 


X 




reg, mem 











1 








1 


w 


mod 




reg 




mem 


10/14 


2-4 


X 


X 


X 


X 


X 


X 




reg, imm 


1 

















s 


w 


1 1 





1 





reg 


4 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 


1 

















s 


w 


mod 





1 





mem 


15/23 


3-6 


X 


X 


X 


X 


X 


X 




ace, imm 











1 





1 





w 












4 


2-3 


X 


X 


X 


X 


X 


X 


SUB 


reg, reg 








1 





1 





1 


w 


1 1 




reg 




reg 


2 


2 


X 


X 


X 


X 


X 


X 




mem, reg 








1 





1 








w 


mod 




reg 




mem 


13/21 


2-4 


X 


X 


X 


X 


X 


X 




reg, mem 








1 





1 





1 


w 


mod 




reg 




mem 


10/14 


2-4 


X 


X 


X 


X 


X 


X 




reg, imm 


1 

















s 


w 


1 1 


1 





1 


reg 


4 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 


1 

















s 


w 


mod 


1 





1 


mem 


15/23 


3-6 


X 


X 


X 


X 


X 


X 




ace, imm 








1 





1 


1 





w 












4 


2-3 


X 


X 


X 


X 


X 


X 


SUBC 


reg, reg 













1 





1 


w 


1 1 




reg 




reg 


2 


2 


X 


X 


X 


X 


X 


X 




mem, reg 













1 








w 


mod 




reg 




mem 


13/21 


2-4 


X 


X 


X 


X 


X 


X 




reg, mem 













1 





1 


w 


mod 




reg 




mem 


10/14 


2-4 


X 


X 


X 


X 


X 


X 




reg, imm 


















s 


w 


1 1 





1 


1 


reg 


4 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 



















s 


w 


mod 





1 


1 


mem 


15/23 


3-6 


X 


X 


X 


X 


X 


X 




ace, Imm 













1 







w 












4 


2-3 


X 


X 


X 


X 


X 


X 


NC 


reg8 










1 




1 





1 1 











reg 


2 


2 


X 




X 


X 


X 


X 




mem 










1 




1 


w 


mod 











mem 


13/21 


2-4 


X 




X 


X 


X 


X 




regie 
















reg 














2 


1 


X 




X 


X 


X 


X 


)EC 


reg8 










1 




1 





1 1 








1 


reg 


2 


2 


X 




X 


X 


X 


X 




mem 










1 




1 


w 


mod 








1 


mem 


13/21 


2-4 


X 




X 


X 


X 


X 




regis 











1 




reg 














2 


1 


X 




X 


X 


X 


X 


1ULU 


reg 















1 


w 


1 1 


1 








reg 


21-30 


2 


u 


X 


X 


u 


u 


u 




mem 















1 


w 


mod 


1 








mem 


26/39 


2-4 


u 


X 


X 


u 


u 


u 


lUL 


reg 















1 


w 


1 1 


1 





1 


reg 


33-47 


2 


u 


X 


X 


u 


u 


u 




mem 















1 


w 


mod 


1 





1 


mem 


38-56 


2-4 


u 


X 


X 


u 


u 


u 




reg16,reg16,imm8 












1 





1 


1 


1 1 




reg 




reg 


28-34 


3 


u 


X 


X 


u 


u 


u 




reg16,mem16,imm8 












1 





1 


1 


mod 




reg 




mem 


37-43 


3-5 


u 


X 


X 


u 


u 


u 




reg16,reg16,imm16 












1 








1 


1 1 




reg 




reg 


36-42 


4 


u 


X 


X 


u 


u 


u 




reg16,mem16,imm16 












1 








1 


mod 




reg 




mem 


45-51 


4-6 


u 


X 


X 


u 


u 


u 


VU 


reg 


1 






1 





1 


1 


w 


1 1 


1 


1 





reg 


19/25 


2 


u 


u 


u 


u 


u 


u 




mem 


1 






1 





1 


1 


w 


mod 


1 


1 





mem 


24/34 


2-4 


u 


u 


u 


u 


u 


u 


\l 


reg 


1 






1 





1 


1 


w 


1 1 


1 


1 


1 


reg 


29-43 


2 


u 


u 


u 


u 


u 


u 




mem 


1 






1 





1 


1 


w 


mod 


1 


1 


1 


mem 


34-52 


2-4 


u 


u 


u 


u 


u 


u 
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SEC 



Instruction Set (cont) 



Mnemonic Operand 



7 6 5 4 3 2 1 



Opcode 

7 6 5 4 3 2 1 



Clocks Bytes AC CY V P S Z 



Comparison Instructions 



CMP 



reg, reg 








1 1 


1 


1 w 


1 1 


reg 


reg 


2 


2 


X 


X 


X 


X 


X 


X 


mem, reg 








1 1 


1 


w 


mod 


reg 


mem 


10/14 


2-4 


X 


X 


X 


X 


X 


X 


reg, mem 








1 1 


1 


1 w 


mod 


reg 


mem 


10/14 


2-4 


X 


X 


X 


X 


X 


X 


reg, imm 


1 











s w 


1 1 


1 1 1 


reg 


4 


3-4 


X 


X 


X 


X 


X 


X 


mem, imm 


1 











s w 


mod 


1 1 1 


mem 


12/16 


3-6 


X 


X 


X 


X 


X 


X 



TEST 



ace, imm 


1 


1 1 1 1 W 








4 


2-3 


X X X X X X 


Logical Instructions 


NOT reg 


1 1 1 


1 1 1 1 w 


1 1 


1 


reg 


2 


2 




mem 


1 1 1 


1 1 1 1 w 


mod 


1 


mem 


13/21 


2-4 




NEG reg 


1 1 1 


1 1 1 1 w 


1 1 


1 1 


reg 


2 . 


2 


X X X X X X 


mem 


1 1 - 


1 1 1 1 w 


mod 


1 1 


mem 


13/21 


2-4 


X X X X X X 



reg, reg 



mem, reg 



reg, imm 



mem, imm 



ace, imm 



1 1 W 1 1 



reg 



1 1 W mod 



9/13 



2-4 



1111011W 1 1000 



reg 



3-4 



1 1 1 1 1 1 W mod 



10/14 3-6 



1 1 1 W 



2-3 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



AND 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 1 W 1 1 



reg 



reg 



1 W mod 



reg 



13/21 



2-4 



1 1 W mod 



reg 



10/14 2-4 



1000000W1 1100 



3-4 



1000000W mod 100 



15/23 3-6 



1 1 W 



2-3 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



OR 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 1 W 1 1 



reg 



reg 



1 W mod 



13/21 2-4 



1 1 W mod 



reg 



10/14 



2-4 



100 000W1 1001 



reg 



3-4 



1000000W mod 001 



15/23 3-6 



1 1 W 



2-3 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



XOR 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 1 W 1 1 



reg 



reg 



1 1 W mod 



reg 



13/21 



2-4 



1 1 1 W mod 



reg 



10/14 2-4 



1000000W 1 1110 



reg 



3-4 



1000000W mod 110 



15/23 3-6 



1 1 W 



2-3 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 
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Instruction Set (cont) 



Mnemonic Operand 



7 6 



Opcode 
543210 765 43210 



Clocks Bytes AC CY V P S Z 



Bit Manipulation Instructions 



INS 


reg8, reg8 




1 1 






reg 




1 

reg 





1 








1 


35-133 


3 






regS, immS 




1 1 












1 
reg 





1 


1 





1 


35-133 


4 




EXT 


reg8, reg8 




1 1 






reg 




1 
reg 





1 








1 1 


34-59 


3 






regS, immS 




1 1 












1 
reg 





1 


1 





1 1 


34-59 


4 




TEST1 


reg, CL 




1 1 












1 
reg 














w 


3 


3 


u u u X 




mem, CL 



mod 












1 
mem 














w 


7/11 


3-5 


u u u X 




reg, imm3/4 




1 1 












1 
reg 








1 





w 


4 


4 


u u u X 




mem, imm3/4 



mod 












1 
mem 








1 





w 


8/12 


4-6 


u u u X 


SET1 


reg, CL 




1 1 












1 
reg 











1 


w 


4 


3 






mem, CL 



mod 












1 
mem 











1 


w 


10/18 


3-5 






reg, imm3/4 




1 1 












1 
reg 








1 


1 


w 


5 


4 






mem, imm3/4 



mod 












1 
mem 








1 


1 


w 


11/19 


4-6 






CY 


1 1 


1 


1 


1 ( 


) 












2 


1 


1 




DIR 


1 1 


1 


1 







2 1 


:lri 


reg, CL 




1 1 












1 
reg 














1 w 


5 


3 






mem, CL 



mod 













1 
mem 














1 w 


11/19 


3-5 






reg, imm3/4 




1 1 












1 
reg 








1 





1 w 


6 


4 






mem, jmm3/4 



mod 












1 
mem 








1 





1 w 


12/20 


4-6 






CY 


1 1 


1 


1 


1 


) ( 


) 










2 


1 







DIR 


1 1 


1 


1 







D 










2 


1 




iOTI 


reg, CL 




1 1 












1 
reg 











1 


1 w 


4 


3 






mem, CL 



mod 












1 
mem 











1 


1 w 


10/18 


3-5 






reg, imm3/4 




1 1 












1 
reg 








1 


1 


1 w 


5 


4 






mem, imm3/4 



mod 













1 
mem 








1 


1 


1 w 


11/19 


4-6 






CY 


1 1 


1 


1 


















2 


1 


X 
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NEC 



Instruction Set (cont) 


Mnemonic Operands 


7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 





Clocks 


Bytes 


Flags 
AC CY V P S Z 


Shift/Rotate Instructions 



SHL 


reg, 1 


















w 


1 1 










reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


















w 


mod 










mem 


13/21 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL l 















1 


w 












reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 















1 


w 


mod 










mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


















w 












reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, immS 


















w 


mod 










mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


SHR 


reg, 1 


















w 











reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


















w 


mod 









mem 


13/21 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 















1 


w 











reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 















1 


w 


mod 









mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


















w 











reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


















w 


mod 









mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


SHRA 


reg, 1 


















w 










reg 


2 


2 


u 


X 





X 


X 


X 




mem, 1 


















w 


mod 








mem 


13/21 


2-4 


u 


X 





X 


X 


X 




reg, CL 















1 


w 










reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem.CL 















1 


w 


mod 








mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, immS 


















w 










reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, ImmS 


















w 


mod 








mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


ROL 


reg, 1 


















w 













reg 


2 


2 




X 


X 










mem, 1 


















w 


mod 











mem 


13/21 


2-4 




X 


X 










reg, CL 















1 


w 













reg 


7 + n 


2 




X 


u 










mem, CL 















1 


w 


mod 











mem 


16/24 + n 


2-4 




X 


u 










reg, imm 


















w 













reg 


7 + n 


3 




X 


u 










mem, imm 


















w 


mod 











mem 


16/24 + n 


3-5 




X 


u 








ROR 


reg, 1 


















w 












reg 


2 


2 




X 


u 










mem, 1 


















w 


mod 










mem 


13/21 


2-4 




X 


X 










reg, CL 















1 


w 












reg 


7 + n 


2 




X 


u 










mem, CL 















1 


w 


mod 










mem 


16/24 + n 


2-4 




X 


u 










reg, ImmS 



















w 












reg 


7 + n 


3 




X 


u 










mem, immS 



















w 


mod 










mem 


16/24 + n 


3-5 




X 


u 








ROLC 


reg.l 


















w 












reg 


2 


2 




X 


X 










mem, 1 


















w 


mod 










mem 


13/21 


2-4 




X 


X 










reg, CL 















1 


w 












reg 


7 + n 


2 




X 


u 










mem, CL 















1 


w 


mod 










mem 


16/24 + n 


2-4 




X 


u 










reg, ImmS 



















w 












reg 


7 + n 


3 




X 


u 










mem, immS 



















w 


mod 










mem 


16/24 + n 


3-5 




X 


u 









n = number of shifts 
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Instruction Set (cont) 



Mnemonic 



Opcode 
76 5 43210 765432 10 



Clocks 



Bytes AC CY V P S Z 



Shift Rotate Instructions (cont) 



RORC 



reg, 1 




1 


1 








w 


1 1 


1 


reg 


2 


2 


X 


X 


mem, 1 




1 


1 








w 


mod 


1 


mem 


13/21 


2-4 


X 


X 


reg, CL 




1 


1 








1 w 


1 1 


1 


reg 


7 + n 


2 


X 


u 


mem, CL 




1 


1 








1 w 


mod 


1 


mem 


16/24 + n 


2-4 


X 


u 


reg, immS 




1 











w 


1 1 


1 


reg 


7 + n 


3 


X 


u 


mem, immS 




1 











w 


mod 


1 


mem 


16/24 + n 


3-5 


X 


u 



n = number of shifts 



Stack Manipulation Instructions 




PUSH 



mem16 



11111111 mod 110 



23 



regie 



10 10 



reg 



sr 110 



PSW 



10 1110 



110 



65 



imm 



1 1 1 S 



9-10 



POP 



mem16 



reg16 



PSW 



10 1111 



mod 



25 



10 11 



reg 







sr 



1 1 1 



10 1110 1 



2-4 



2-3 



2-4 



R R R R R R 



R 





10 1 75 


1 


PREPARE imm16, imm8 


1 


10 * 
*imm8 = 0;16 
imm8>1 : 21 + 16(imm8- 1) 


4 


DISPOSE 


1 


10 1 10 


1 


Control Transfer Instructions 



:all 



near_proc 



1110 10 



20 



regptr 



11111111 



110 10 



memptrie 



11111111 



mod 1 



2-4 



far_4Droc 



10 110 10 



29 



memptr32 



11111111 



mod 1 1 



47 
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Instruction Set (cont) 


Mnemonic 


Operands 
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Opcode 
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Clocks 


Bytes 


Flags 
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CPU Control Instructions 
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POLL 
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NEC Electronics Inc. 

PRELIMINARY INFORMATION 



A/PD70216(V50'''> 

16-BIT, HIGH-INTEGRATION 

CMOS MICROPROCESSOR 



Description 

The /UPD70216 (V50^") is a high-performance, low- 
power 16-bit microprocessor integrating a number of 
commonly-used peripherals to dramatically reduce the 
size of microprocessor systems. The CMOS construc- 
tion makes the //PD70216 ideal for the design of 
portable computers, instrumentation, and process 
control equipment. 

The //PD70216 contains a powerful instruction set that 
is compatible with the //PD70108/yuPD70116 (V20™/ 
V30™) and yuPD8086//iPD8088 instruction sets. In- 
struction set support includes a wide range of arith- 
metic, logical, and control operations as well as bit 
manipulation, BCD arithmetic, and high-speed block 
transfer instructions. TheyuPD70216 can also execute 
the entire yuPD8080AF instruction set using the 8080 
emulation mode. Also available is theyuPD70208(V40™), 
identical to the //PD70216 but with an 8-bit external 
data bus. 

Features 

H V20/V30 instruction set compatible 

U Minimum instruction execution time: 250 ns (at 

8 MHz) 
II Direct addressing of 1M bytes of memory 
H Powerful set of addressing modes 
H 14 16-bit registers 
D On-chip peripherals including 

— Clock generator 

— Bus interface 

— Bus arbitration 

— Programmable wait state generator 

— DRAM refresh control 

— Three 16-bit timer/counters 

— Asynchronous serial I/O control 

— Eight-input interrupt control 

— Four-channel DMA control 

] Hardware effective address calculation logic 
1 Maskable and nonmaskable interrupts 
I //PD72191 Floating Point Processor interface 
I IEEE 796 compatible bus interface 
! Low-power standby mode 
Low-power CMOS technology 

10, V30, V40, and V50 are trademarks of NEC Corporation. 



Ordering information 




Part Number 


Package 


Maximum Frequency 


juPD70216R-8 


68-pin PGA 


8 MHz 


//PD70216L-8 


68-pin PLCC 


8 MHz 


A/PD70216G-8 


80-pin plastic miniflat 


8 MHz 



Pin Configurations 
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Pin 
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Pin 
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Pin 


Symbol 


A2 


INTP7 


B9 


DMARQ1 


F10 


AD7 


K4 


NMI 


A3 


INTP5 
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DMARQO 


F11 


GND 
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RESET 
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G1 


XI 


K6 


RESOUT 
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INTP1 


CI 


TCTL2 


G2 


CLKOUT 


K7 


HLDRQ 


A6 


DMAAK3/TXD 


C2 


POLL 


G10 
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KS 


A19/PS3 


A7 


DMAAK2 


CIO 


ADi 
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K9 
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HI 


BUFEN 
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DMAAKO 
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Pin Configurations (cont) 
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Pin Identification 



Symbol 


Function 


A19-A16/PS3-PS0 


Multiplexed address/processor status outputs 


AD15-AD0 


Multiplexed address/data bus 


ASTB 


Address strobe output 


BUFEN 


Data bus transceiver enable output 


BUFR/W 


Data bus transceiver direction output 


BUSLOCK 


Buslock output 


BS2-BS0 


Bus status outputs 


CLKOUT 


System clock output 


DMAAKO 


DMA channel acknowledge output 


DMAAK1 


DMA channel 1 acknowledge output 


DMAAK2 


DMA channel 2 acknowledge output 


DMAAK3/TXD 


DMA channel 3 acknowledge output/Serial 
transmit data output 


DMARQO 


DMA channel request input 


DMARQ1 


DMA channel 1 request input 


DMARQ2 


DMA channel 2 request input 


DMARQ3/RxD 


DMA channel 3 request input/Serial receive 
data input 


END/TC 


End input/Terminal count output 


GND 


Ground 


HLDAK 


Hold acknowledge output 


HLDRQ 


Hold request input 


IC 


Internal connection; leave unconnected 


INTAK/T0UT1/SRDY 


Interrupt acknowledge output/Timer/counter 1 
output/Serial ready output 


INTP1-INTP7 


Interrupt request inputs 


lORD 


I/O read strobe output 


iOWR 


I/O write strobe output 


VIRD 


Memory read strobe output 


yiWR 


Memory write strobe output 


^C 


No connection 


\IMI 


Nonmaskable interrupt input 


^OLL 


Poll input 


iSi-QSo 


CPU queue status outputs 


tEADY 


Ready input 


lEFRQ 


Refresh request output 


:ESET 


Reset input 


ESOUT 


Synchronized reset output 



Symbol 


Function 


TCLK 


Timer/counter external clock input 


TCTL2 


Timer/counter 2 control input 


T0UT2 


Timer/counter 2 output 


UBE 


Upper byte enable output 


Vdd 


+5 V power supply input 


X1,X2 


Crystal/external clock inputs 



Pin Functions 

A19-A16/PS3-PS0 [Address/Status Bus] 

These three-state output pins contain the upper 4 bits 
of the 20-bit address during T1 and processor status 
information during T2, T3, Tw, and T4. During T1 of a 
memory read or write cycle, these pins contain the 
upper 4 bits of the 20-bit address. These pins are forced 
low during T1 of an I/O bus cycle. 

Processor status is output during T2, T3, Tw, and T4 of 
both memory and I/O bus cycles. PS3 is zero during 
any CPU native mode bus cycle. During any DMA, 
refresh, or 8080 emulation mode bus cycle, PS3 outputs 
a high level. PS2 outputs the contents of the interrupt 
enable (IE) flag in the CPU PSW register. PSi and PSq 
indicate the segment register used to form the physical 
address of a CPU bus cycle as follows: 




PS, 


PSo 


Segment 








1 


Data segment 1 (DS1) 
Stack segment (SS) 


1 
1 




1 


Program segment (PS) 
Data segment O(DSO) 



These pins are in the high-impedance state during hold 
acknowledge. 

AD15-AD0 [Address/ Data Bus] 

These three-state pins form the active-high, time-multi- 
plexed address/data bus. During T1 of a bus cycle, 
AD15-AD0 output the lower 1 6 bits of the 20-bit memory 
or I/O address. During the T2, T3, Tw, and T4 states, 
AD15-AD0 form the 16-bit bidirectional data bus. 

The memory and I/O address spaces are organized 
into a pair of byte-wide banks. The even bank is 
accessed whenever ADq = during T1 of a bus c ycle. 
Access to the odd bank is controlled by the UBE pin. 

The AD15-AD0 pins enter the high-impedance state 
during hold acknowledge or i nternal interrupt acknow- 
ledge bus cycles or while RESET is asserted. Pins 
ADio-ADs contain the slave address of an external 
interrupt controller during the second interrupt ac- 
knowledge bus cycle. 
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ASTB [Address Strobe] 

This active-high output is used to latch the address 
from the multiplexed address bus in an external address 
latch during T1 of a bus cycle. ASTB is held at a low 
level during hold acknowledge. 



BUFEN [Buffer Enable] 



BUFEN is an active-low output for enabling an exter nal 
data bus transceiver during a bus cycle. BUFEN is 
asserted during T2 through T4 of a read cycle, T2 
through T3 of a slave interrupt acknowledge cycle, and 
T1 through T4 of a write cycle. BUFEN is not asserted 
when the bus cycle corresponds to an internal pe- 
ripheral, DM A, refre sh, or internal interrupt acknow- 
ledge cycle. BUFEN enters the high-impedance state 
during hold acknowledge. 

BUFR/W [Buffer Read/Write] 

BUFR/W is a three-state, active-low output used to 
control the direction of an external data bus trans- 
ceiver. A high level indicates the//PD70216 will perform 
a write cycle and a low level indicates a read cycle. 
BUFR/W enters the high-impedance state during hold 
acknowledge. 



BUSLOCK 



This active-low output provides a means for the CPU to 
indicate to an external bus arbiter that the bus cycles of 
the next instruction are to be kept contiguous. 
BUSLOCK is as serted for th e durati on of the ins truction 
following the BUSLOCK prefix. BUSLOCK is also 
asserted during interrupt acknowledge cycles and 
enters the hi gh-impedan ce state during hold acknow- 
ledge. While BUSLOCK is asserted, DMAU, RCU, and 
external bus requests are disabled. 



BS2-BS0 [Bus Status] 

Outputs BS2-BS0 indicate the type of bus cycle being 
performed as follows. 



BS2 


BS, 


BSq 


Bus Cycle 












1 


Interrupt acknowledge 
I/Oread 






1 
1 




1 


I/O write 
Halt 


1 
1 








1 


Instruction fetch 
Memory read (1) 


1 
1 


1 
1 




1 


Memory write (2) 
Passive state 



Note: 

(1) Memory read bus cycles Include CPU, DMA read, DMA verify, 
and refresh bus cycles. 

(2) Memory write bus cycles include CPU and DMA write bus cycles. 

BS2-BS0 are three-state outputs and are high imped- 
ance during hold acknowledge. 

CLKOUT 

The CLKOUT output is used to generate all internal 
timing for the //PD70216. CLKOUT has a 50-percent 
duty cycle at half the frequency of the input clock 
source. 



DMAAK0-DMAAK2 [DMA Acknowledge] 

This set of outputs contains the DMA acknowledge 
signals for channels 0-2 from the internal DMA control- 
ler and indicate that the peripheral can perform the 
requested transfer. 



DMAAKS/TxD [DMA Acknowledge 3]/[Serial 
Transmit Data] 

Two output signals multiplexed on this pin are selectee 1 
by the PF field of the on-chip peripheral connectior | 
register. 



DMAAK3 is an active-low output and enables aijj 
external DMA peripheral to perform the requestecl 
DMA transfer for channel 3. i 



• TxD is the serial output from the serial control uni 

DMARQ0-DMARQ2 [DMA Request] 

These synchronized inputs are used by external pe 
ripherals to request DMA service for channels 0-2 f ror 
the internal DMA controller. 
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DMARQ3/RxD [DMA Request 3]/[Serial Receive 
Data] 

Two input signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 

• DMARQ3 is used by an external peripheral to request 
a DMA transfer cycle for channel 3. 

• RxD is the serial input to the serial control unit. 



END/TC [End/Terminal Count] 

This active-low bidirectional pin controls the termin- 
ation of a DMA service. Assertion of END by external 
hardware during DMA service causes the service to 
terminate. When a DMA c_hannel reaches its terminal 
count, the DMAU asserts TC, indicating the program- 
med operation has completed. 

END/TC is an open-drain I/O pin, and requires an 
external 2.2-kn pull-up resistor. 

HLDAK [Hold Acknowledge] 

When an external bus requester has become the 
highest priority requester, the internal bus arbiter will 
assert the HLDAK output indicating the address, data, 
and control buses have entered a high-impedance state 
and are available for use by the external bus master. 

Should the internal DMAU or RCU (demand mode) 
request the bus, the bus arbiter will drive HLDAK low. 
When this occurs, the external bus master should 
complete the current bus cycle and negate the HLDRQ 
signal. This allows the bus arbiter to reassign the bus to 
the higher priority requester. 

HLDRQ [Hold Request] 

This active-high signal is asserted by an external bus 
master requesting to use the local address, data, and 
control buses. The HLDRQ input is used by the intel-nal 
bus arbiter, which gives control of the buses to the 
highest priority bus requester in the following order. 



Bus Master 



Priority 



RCU 

DMAU 

HLDRQ 

ICPU 

RCU 



Highest (demand mode) 



Lowest (normal operation) 



INTAK/T0UT1/SRDY [Interrupt Acknowledge]/ 
[Timer 1 Output]/[Serial Ready] 

Three output signals multiplexed on this pin are 
selected by the PF field of the on-chip peripheral 
connection register. 



INTAK is an interrupt acknowledge signal used to 
casc ade ext ernal slave yuPD71 059 Interrupt Control- 
lers. INTAK is asserted during T2, T3, and Tw states 
of an interrupt acknowledge cycle. 

TOUT1 is the output of timer/counter 1 . 



• SRDY is an active-low output and indicates that the 
serial control unit is ready to receive the next 
character. 

INTP1-INTP7 [Peripheral Interrupts] 

INTP1-INTP7 accept either rising-edge or high-level 
triggered asynchronous interrupt requests from external 
peripherals. These INTP1-INTP7 inputs are internally 
synchronized and prioritized by the interrupt control 
unit, which requests the CPU to perform an interrupt 
acknowledge bus cycle. External interrupt controllers 
such as the//PD71 059 can be cascaded to increase the 
number of vectored interrupts. 

These interrupt inputs cause the CPU to exit both the 
standby and 8080 emulation modes. 

INTP1-INTP7 contain internal pull-up resistors and 
may be left unconnected. 




lORD [I/O Read] 

This three-state pin outputs an active-low I/O read 
strobe during T2, T3, and Tw of an I/O read bus cycle. 
Both C PU I/O read and DMA write bus cycles assert 
lORD. lORD is not asserted when the bus cycle 
corresponds to an internal peripheral. It enters the 
high-impedance state during hold acknowledge. 



lOWR [I/O Write] 

This three-state pin outputs an active-low I/O write 
strobe during T2, T3, and Tw of a CPU I/O write or an 
extended DMA read c ycle a nd during T3 and Tw of a 
DMA read bus cycle. lOWR is not asserted when the 
bus cycle corresponds to an internal peripheral. It 
enters the high-impedance state during hold acknow- 
ledge. 
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MR D [Memory Read Strobe] 

This three-state pin outputs an active-low memory 
read strobe during T2, T3, and Tw of a memory read 
bus cycle. CPU memory read, DMA read, and refresh 
bus cycles ail assert MRD. MRD enters the high- 
impedance state during hold acknowledge. 

MWR [Memory Write Strobe] 

This three-state pin outputs an active-low memory 
write strobe during T2, T3, and Tw of a CPU memory 
write or DMA extended write bus cycle a nd dur ing T3 
and Tw of a DMA normal write bus cycle. MWR enters 
the high-impedance state during hold acknowledge. 

NMI [Nonmaskable interrupt] 

The NMI pin is a rising-edge-triggered interrupt input 
that cannot be masked by software. NMlis sampled by 
CPU logic each clock cycle and when found valid for 
five or more CLKOUT cycles, the NMI interrupt is 
accepted. The CPU will process the NMIinterrupt 
immediately after the current instruction finishes 
execution by fetching the segment and offset of the 
NMI handlerfrominterruptvector2.TheNMI interrupt 
causes the CPU to exit both the standby and 8080 
emulation modes. The NMI input takes precedence 
over the maskable interrupt inputs. 



POLL [Poli] 



The active-low POLL input is used to synchronize the 
operation of external devices with the CPU. During 
execu tion of the POLL instruction, the C PU che cks the 
POLL input state every five clocks until POLL is once 
again asserted. 

QS1-QS0 [Queue Status] 

The QSi and QSq outputs maintain instruction synch- 
ronization between the//PD70216 CPU and external 
devices such as the//PD721 91 Floating Point Processor. 
These outputs are interpreted as follows. 



QSi 


QSo 


Instruction Queue Status 








No operation 





1 


First byte of instruction fetched 


1 





Flush queue contents 


1 


1 


Subsequent byte of instruction fetched 



READY [Ready] 

This active-high input synchronizes external memory 
and peripheral devices with the /uPD70216. Slow 
memory and I/O devices can lengthen a bus cycle by 
negating the READY input and forcing the BlU to insert 
Tw states. READY must be negated prior to the rising 
edge of CLKOUT during the T2 state to guarantee 
recognition. When READY is once again asserted and 
recognized by the BlU, the BlU will proceed totheT4 
state. 

The READY input operates in parallel with the internal 
yuPD702l6 wait control unit and can be used to insert 
more than three wait states into a bus cycle. 



REFRQ [Refresii Request] 



REFRQ is an active-low output indicating t he curre nt 
bus cycle is a memory refresh operation. REFRQ is 
used to disable memory address decode logic and 
refresh dynamic memories. The 8-bit refresh row 
address is placed on As-Ai during a refresh bus cycle. 



RESET [Reset] 



The RESET input is used to force the //PD70216 to a 
know n state b y resetting the CPU and on-chip periph- 
erals. RESET must be asserted for a mini mum of four 
clocks to guarantee recognition. After RESET has 
been released, the CPU will start program execution 
from address FFFFOH. 



Oueue status is valid for one clock cycle after the CPU 
has accessed the instruction queue. 



RESET will release the CPU from the low-power 
standby mode and force it to the native mode. 

RESOUT [Reset Output] 

This active-high output is available to perform a system- 
wide reset function. Reset is internally synchronized 
with CLKOUT and output on the RESOUT pin. 

TCLK 

TCLK is an external clock source for the timer contro 
unit. The three timer/counters can be programmed tc 
operate with either the TCLK input or a prescalec j 
CLKOUT input. \t 

TCTL2 f 

TCTL2 is the control input for timer/counter 2. 

T0UT2 

TOUT2 is the output of timer/counter 2. 
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UBE [Upper Byte Enable] 

UBE is an active-low output, asserted when th e upp er 
byte of the 16-bit data bus contains valid data. UBE is 
used along with Aq by the memory decoding logic to 
select the even/odd banks as follows. 



X1,X2 [Clock Inputs] 

These pins accept either a parallel resonant, funda- 
mental mode crystal or an external oscillator input with 
a frequency twice the desired operating frequency. 



Operation 


UBE 


Ao 


Bus 
Cycles 


Word, even address 








1 


Word, odd address 




1 


1 (1st bus cycle) 
(2nd bus cycle) 


2 


Byte, even address 


1 





1 


Byte, odd address 





1 


1 



UBE is a three-state output and enters the high- 
impedance state during hold acknowledge. 

Block Diagram 




a. 




S o 

1 % s 

^ ~ < i, "p 

kme <<cqOO 
























Z 


/\ 


rOi 


^ 








T0UT2 .*— 
T0UT1 -•- 
TCTL2 — *■ 


TCU 




SOU 




wcu 






-^PdLL 


-*■ BUSLOCK 


-^BUFEN 


TCLK-^ 
















-^ BUFR/W 
-*■ UBE 
-*-ASTB 












— 












1 




INTP7 —*■ 
INTP6 -*- 
INTP5 — *. 












-►lOWR 
-^lORD 
-^MWR 






ICU 










-►MRD 




INTP3 —► 






CPU 






<*- READY 




INTP2 -^ 
INTP1 — »■ 












-*- RESOUT 




*- RESET 


, 














4 


BAU 


-»- HLDAK 
■•— HLDRQ 












t 




1 , 










i 




' ' 






X2 — 
XI — 


CG 


— 1 


DAMU 


F 


tcu 








- 


tHH M * 




CLKOUT o 

O 

E 

< 

s 

Q 


So 

< E 
Q Q 


i 

Q Q 


ii 

S < 

O Q 


11 

5 111 


o 

K 

u. 

lU 

E 
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Absolute Maximum Ratings 

Ta = +25°C 



Power. supply voltage, Vqo 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to Vdd + 0.3 V 


CLK input voltage, Vk 


-0.5toVoD + 1.0V 


Output voltage, Vq 


-0.5 to Vdd + 0.3 V 


Operating temperature, Tqpt 


-10 to +70 °C 


Storage temperature, Tstg 


-65 to +150 °C 



Comment: Exposing the device to stresses above those listed in the 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 

Ta = +25°C.Vdd = 0V 





Symbol 


Limits 


Unit 


Test 


Parameter 


MIn 


IVIax 


Conditions 


Input capacitance 


C| 




15 


pF fc = 


= 1MHz; 


Output capacitance 


Co 




15 


P unmeasureo pms 
'^ are returned to V. 


DC Characteristics 

Ta = -10 to +70°c, Vdd = +5 v ±io% 




Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


IVIax 


Conditions 


Input voltage, high 


V|H 


2.2 


Vdd + 

0.3 


V 




Input voltage, low 


V|L 


-0.5 


0.8 


V 




XI, X2 input 
voltage, high 


Vkh 


3.9 


Vdd + 

1.0 


V 




X1,X2 input 
voltage, low 


Vkl 


-0.5 


0.6 


V 




Output voltage, high 


VOH 


0.7 Vdd 




V 


IOH = -400//A 


Output voltage, low 


Vol 




0.4 


V 


Iql = 2.5 mA 


Input leakage 
current, high 


•lih 




10 


/"A 


V| = Vdd 



Input leal<age 
current, low 



Ilipl 



-300 M 



V| = V, INTP 
input pins 





Ilil 


-10 


M 


V| = V, other 
input pins 


Output leakage 
current, high 


Iloh 


10 


M 


Vo = Vdd 


Output leakage 
current, low 


'lol 


-10 


A/A 


Vo=OV 


Supply current 


Idd 


90 
20 


mA 
mA 


Normal mode 
Standby mode 



AC Ciiaracteristics 

Ta = -10 to +70°C; Vdd = +5 V ±10%; Cl = 100 pF 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


IVIax 


Conditions 


External clock input 
cycle time 


tCYX 


62 


250 


ns 




External clock pulse 
width, high 


txXH 


20 




ns 


Vkh = 3.0 V 


External clock pulse 
width, low 


txXL 


20 




ns 


Vkl = 1.5 V 


External clock rise 
time 


tXR 




10 


ns 


1.5^ 3.0 V 


External clock fall 
time 


tXF 




10 


ns 


3.0^ 1.5 V 


CLKOUT cycle time 


tCYK 


124 


500 


ns 




CLKOUT pulse width, 
high 


tKKH 


0.5tcYK 

-7 




ns 


Vkh = 3.0 V 


CLKOUT pulse width, 
low 


tKKL 


0.5tcYK 
-7 




ns 


Vkl = 1.5 V 


CLKOUT rise time 


tKR 




7 


ns 


1.5^ 3.0 V 


CLKOUT fall time 


tKF 




7 


ns 


3.0 -» 1.5 V 


CLKOUT delay time 
from external clock 


toXK 




55 


ns 




Input rise time 
(except external 
clock) 


t|R 




20 


ns 


0.8 -* 2.2 V 


Input fall time 
(except external 
clock) 


t|F 




12 


ns 


2.2-* 0.8 V 


Output rise time 
(except CLKOUT) 


tOR 




20 


ns 


0.8 -* 2.2 V 


Output fall time 
(except CLKOUT) 


tOF 




12 


ns 


2.2 -* 0.8 V 


RESET setup time to 
CLKOUTi 


tSRESK 


25 




ns 




RESET hold time 
after CLKOUTi 


tHKRES 


35 




ns 




RESOUT delay time 
from CLKOUTi 


tOKRES 


5 


60 


ns 




READY inactive 
setup time to 
CLKOUTi 


tSRYLK 


15 




ns 




READY inactive 
hold time after 
CLKOUTt 


tHKRYL 


25 




ns 




READY active setup 
time to CLKOUTt 


tSRYHK 


15 




ns 




READY active hold 
time after CLKOUTt 


tHKRYH 


25 




ns 


' 


NMI, POLL setup 
time to CLKOUTt 


tSIK 


15 




ns 
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Symbol 


Limit! 




Test 


Parameter 


Min 


Max 


Unit Conditions 


Data setup time to 
CLKOUTi 


tSDK 


20 




ns 


Data hold time after 
CLKOUTi 


tHKD 


15 




ns 


Address delay time 
from CLKOUTi 


tOKA 


10 


60 


ns 


Address hold time 
after CLKOUTi 


tHKA 


10 




ns 


PS delay time from 
CLKOUTi 


tOKP 


10 


60 


ns 


PS float delay time 
from CLKOUTt 


tpKP 


10 


60 


ns 


Address setup time 
to ASTBi 


tSAST 


tKKL-30 




ns 


Address float delay 
time from CLKOUTi 


tpKA 


tHKA 


60 


ns 


ASTBt delay time 
from CLKOUTi 


tOKSTH 




50 


ns 


ASTBi delay time 
from CLKOUTt 


tOKSTL 




55 


ns 


ASTB pulse width, 
high 


tSTST 


tKKL-10 




ns 


Address hold time 
after ASTBi 


thSTA 


tKKH - 10 




ns 


Control delay time 
fromCLKOUT 


tOKCT 


15 


60 


ns 


ROi delay time 
from address float 


tOAFRL 







ns 


RDi delay time 
from CLKOUTi 


tDKRL 


10 


70 


ns 


RDt delay time 
from CLKOUTi 


tOKRH 


15 


60 


ns 


Addre^ delay time 
from RDt 


tORHA 


tcYK - 40 




ns 


RD pulse width, low 


tRR 


2tcYK - 
50 




ns 


BUFR/W delay from 
BUFENt 


tOBECT 


tKKL- 
20 




ns Read cycle 




toWCT 


tKKL- 
20 




ns Write cycle 


Data output delay 
:ime from CLKOUTi 


tOKD 


10 


60 


ns 


Data float delay 
iime from CLKOUTi 


tpKD 


10 


60 


ns 


NH pulse width, low 


tww 


2tcYK - 
40 




ns 


5Si delay time 
|rom CLKOUTt 


tOKBL 


10 


60 


ns 


iSt delay time 
rom CLKOUTi 


tOKBH 


10 


65 


ns 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


HLDRQ setup time 
to CLKOUTt 


tSHQK 


20 




ns 




HLDAK delay time 
from CLKOUTi 


tOKHA 


10 


100 


ns 




Address drive delay 
time from CLKOUTi 


tDKA2 


tQYK 




ns 




DMAAK delay time 
from CLKOUTt 


tOKHDA 


10 


70 


ns 




DMAAK delay time 
from CLKOUTi 


tDKLDA 


10 


115 


ns 


Cascade mode 


WR pulse width, 
low (DMA cycle) 


twwi 


2tGYK- 
40 


- 


ns 


DMA extended 
write cycle 


WR pulse width, 
low (DMA cycle) 


twW2 


tCYK - ' 


« 


ns 


DMA normal 
write cycle 


TC output delay 
time from CLKOUTt 


tOKTCL 




60 


ns 




TC off delay time 
from CLKOUTt 


tOKTCF 




60 


ns 




TC pulse width, low 


tjCTCL tCYK- 


15 


ns 




TCpullup delay 
time from CLKOUTt 


tDKTCH 




tKKH + 

tCYK- 

10 


ns 




END setup time 
to CLKOUTt 


tSEDK 


35 




ns 




END pulse width, 
low 


tEDEDL 


100 




ns 




DMARQ setup time 
to CLKOUTt 


tSDQK 


35 




ns 




INTPn pulse width, 
low 


tjPIPL 


100 




ns 




RxD setup time to 
SCU internal clocki 


tSRX 


1 




/"S 




RxD hold time after 
SCU internal clocki 


tHRX 


1 




A(S 




SRDY delay time 
from CLKOUTi 


tOKSR 




150 


ns 




TxD delay time from 
TOUTii 


tDTX 




500 


ns 




TCTL2 setup time 
from CLKOUTi 


tSGX 


50 




ns 




TCTL setup time 
toTCLKt 


tSGTK 


50 




ns 




TCTL2 hold time 
after CLKOUTi 


tHKG 


100 




ns 




TCTL2 hold time 
after TCLKt 


tHTKG 


50 




ns 




TCTL2 pulse width, 
high 


tQGH 


50 




ns 
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Timing Waveforms 

Clock Timing 



fjiPD70216 Cloclc Input Configurations 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


TCTL2 pulse width, 
low 


tGGL 


50 




ns 




TOUT output delay 
time from CLKOUTi 


tOKTO 




200 


ns 




TOUT output delay 
time from TOUTi 


tpTKIO 




150 


ns 




TOUT output delay 
time from TCTLZi 


tOGTO 




120 


ns 




TCLK rise time 


tjKR 




25 


ns 




TCLK fall time 


tjKF 




25 


ns 




TCLK pulse width, 
high 


tjKTKH 


50 




ns 




TCLK pulse width, 
low 


tjKTKL 


50 




ns 




TCLK cycle time 


tCYTK 


124 


Dc 


ns 




RDi, WRi delay 
from DIVIAAKi 


tODARW 


tKKH 
-30 




ns 




DMAAKt delay 
from RDt 


tORHDAH tKKL 
-30 




ns 




RDt delay from 
WRt 


Idwhrh 


5 




ns 





Crystal-Controlled Internal Clock 

15 pF J_ 



.Ih' 



15 pF T 
—II 1- 



^^ 



XI 



X2 



External Clock 1 
CLK — ^o 



L|><v 



XI 



X2 



CLK 



External Clock 2 
^o 1X1 



Buffers are high-speed 
CMOS inverters. 



Timing IVIeasurement Points 



Input 2. 
[except Clock] 



Output 



.4v- /v^ °«vf\ 



VF 2.2 V 



ivij 



tXR- 



External 
Clock 

(X11 



toXK 



-txF 



_^X-^^jn^._^A_^i^jn^ 



-tCYX- 



toXK 



tXXL 



txXH 



-tCYK- 



-tKKH- 



tKF- 



♦kr- 



CLKOUT 



^ t t i 



t / 



-tKKL- 
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Timing Waveforms (cont) 

Reset and Ready Timing 



Reset Timing 



^. 



V^W^^A..y^V-^A-V 



-tSRESK 



-e^- 



-toKRES- 



/ 



-tHKRES 



/ 



-<DKRES- 



\ 



Ready Timing, No Wait States 



^^^^^^TA-V^^V^^A 



•SRYHK - 



r\ 



- tHKRYH 



Ready Timng, Wait States 



.r^r^r^^^__/-^ 



'SRYLK - 



- tHKRYH 



^. 



/ \ 



-tHKRYL 
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Timing Waveforms (cont) 

Poll, NMI, and Buslock Timing 



POLL, NMI Input Timing 



CLKOUT 



POLL, NMI 



r^v^jTx 



*SIK 



): 



BUSLOCK Output Timing 



CLKOUT 



BUSLOCK 



A^U^^^.^~V^A 



■toKA 



■tDKA 



1 



/ 
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Timing Waveforms (cont) 

Read Timing 



Jr\ 



A19/PS3- 
A16/PS0 



AD15-AD0 ' 



MRD 
lORD 



*DKA- 



tOKA- 



tOKSTH- 




>: 



>: 



-'SAST- 



tsAST -♦■ 



c 



/ 



-tSTST- 



•dkstl - 



\ 



_/ 



- toCKT 



\ 



-toKBL 



X 



-tHKA 



-tDKP 



-tpKA 



" tHSTA 



^. 



/ 




Program Status 



■< tsDK ■ 



Data Input 



tHKD- 



-*DKCT 



\ 



" tOAFRL 



-toKRL 



[Notel] 



[Note1] 



/ 



-tpKP 



:sE 



)C 



-toKCT 



*DBECT 



/ 



r 



-toKCT 



/ 



-tpR 



-tOKRH 



-toRHA- 



7 



•dkbh 



Note: 

[1] Except internal I/O accesses. 
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Timing Waveforms (cont) 

Write Timing 



/^^u^^^v~^_y^u^'~^^ 



A19/PS3 
-A16/PS0 



ADi$-ADo • 



BUFR/W 



MWR 
lOWR 



h;w — / 



K 



Address 



tOKA" 



x. 



X 



Program Status 



< 



-tSAST- 



/ 



tDKCT- 



\ 



./ ^. 



X 



-toKD 



C 



)C 



Data Output 



-•hka 



-tHSTA 



\ 



-tDKCT 



\ 



*-tDKBL 



[Note1] 



[Note 1] 



-tpKD 



:e 



r 



7 



-toKCT 



\ 



/ 



-tww- 



toKCT 



7 



-toKBH '^' Except internal I/O accesses. 
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Timing Waveforms (cont) 

Status Timing 



/^^ij^^..^^l^^\f~\ 



A19/PS3 
-A16/PS0 



AD15-AD0 



tDKA- 



t 



tDKBL 



IVIRD, lORD 
MWR, lOWR 



QS1, QSO 



tOKA" 



>: 



>: 



tHKA- 



Address 



tpKA- 



< 



r^ 



X 



-tOKP 



Program Status 



- tsDK ■ 



Data Input 



•dafrl - 



7 



- *DKBH 



^. 



• tOKRL 



■tRR 



■tFKP 



;bg 



x: 



) — ^^ 



/ 



- tORHA ■ 



-toKRH 



r 



X A A X A 



83-002721 B 




3-175 



//PD70216(V50) 



SEC 



Timing Waveforms (cont) 

Interrupt Acknowledge Timing 




\ 



1 



i '^°''-" } { , > 



Vector number 
[Note 2] 



-?^ 



/~^ 



\ 



/ 



r 



\ 



7 



-*^ 



\ 



/ 



[1] Slave address when interrupt from external /jPD71059. Undefined when Internal ICU Interrupt. 
[2] Solid line when Interrupt from external /;iPD71059. Dash line when Internal ICU Interrupt. 
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Timing Waveforms (cont) 

HLDRQ/HLDAK Timing, Normal Operation 



/ 



^^^^'\.^ 



(1) Internal Bus Master 



^. 



r~^ 



> 



(2) Internal Bus Master 



> 



NOTES: (1) A19/PS3-A16/PS0, AD15-AD0, BUFEN,BUFR/W,MRD,IORD,MWR,IOWR,UBE 
(2) BS2-BS0 



/ 



^. 



i 



Internal 
Bus Master 



< 



Internal Bus Master 



83-001828 B 




HLDRQ/HLDAK Timing, Bus Wait 



^^^^^\_^V^1v^~V^^^~V_ 



^. 



^. 



External Bus Master 



NOTE: *Ai9/PS3-Ai6/PSo,ADi5-ADo,!TEI,BUFEN,BUFR/W,MRD,|'(;rD,MWR,IOWR,BS2BSo 



y—H 



Internal Bus 
Master 
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Timing Waveforms (cont) 

Refresh Timing 



CLKOUT 



A19/PS3 
■A16/PS0 



UBE 



AD15-AD9 



ADs-ADo 



ASTB 



BUFEN 



REFRQ 



BS2-BS0 



X 



tDKA-^ 



r\-y 



\ 



>; 



)C 




Invalid 



K 



> 



Row Address 



/ 



7 



tDKCT- 



\ 



■tDKP 



tHKA 



> 



♦-tDAFRL 
*- tDKRL 



\ 



\ 



\ 



-tDKBL 



/ 



tDKCT- 



x: 



z 



<: 
<: 



X 



/ 



BS2 = 1, BS1=0, BS0=:1 



7 



tDKBH 
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Timing Waveforms (cont) 

DMAU, DMA Transfer Timing 



'dkbl- 



BS2-BS0 



A19/PS3- 
A16/PS0 



AD16-AD0 



MWR, lOWR 



^; 



/^^^.^^_^A_y' 



/ 



>: 



tDKA- 



>: 



>: 



\ 



X 



-•hka 

-toKP 



7 



-tDKBH 



IDKHDA 



> 



\ 



tDKRL- 



tDDARW 



tDKCT - 



-*FKA 



X 



-•dafrl 



•ddarw 



-tRR- 



Early write mode. 



I — 'dkct 
-twwi — 



x: 






/ 



y 



-tDKHDA 



• toRHDAH 

tDKRH 



-twW2- 



/ 



<• — tDKCT 

" n tDWHRH 
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Timing Waveforms (cont) 

DMA Timing 



END/TCTiming 



\ 




\_/ 



L^^ 



•- toKTCF 
toKTCH 



N^_.^ 



DMA Request Timing 



□MARQn 
(n=0-3) 



-^ts 

^ J 



Cascade Mode, Normal Operation 



•SDQK — »^ \*- tSDQK — ^ 

I — ■ — ii n V 

/ \ 



^^^ 



♦dklda - 



Cascade Mode, Refresli Cycle Insertion 



/ n ih- 



•dklda— H \*- 



*DKLDA • 



t 
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Timing Waveforms (cont) 

SCU Timing 



\ 



£ 



-tSRX- 



•* "tHRX- 



xz 



J\f\ns\f\i\f\nf\j 



16 or 64 T0UT1 pulses- 



-16 or 64 T0UT1 pulses- 



1 



- tOTX - 



^^^^^ 



KSR *■ 



7^^^ 



E 



ICU Timing 














INTPn 




< tipipL ►■ 




(n=1-7) 


\ 


/ 


83-004020B 
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Timing Waveforms (cont) 

TCU Timing, Internal Clock Source 



CLKOUT 



^'^X^^^^^^^^_V~W 



tSGK 



-tHKG- 



•ggl- 



-tcGH- 



-*SGK 



-tHKG- 



^. / \ / 



TOUTn [n = 1,2] 



>: 



tDGTO[TOUT2] 



tDKTO 



)[ 



TCU Timing, TCLK Source 



tTKR *TKF 



^r^^^. 



tSGTK - 



tTKTKH 



• tCYTK - 



tlKTKL 



tHTKG 



/~"V/ 



•dgto - 

[TOUT2] 



tGGL 



-tGGH 



TOUTn [n = 1,2] 



\ 



-tsGTK 



■ tHTKG 



^^^ 



- tDTKTO 



>[:^[ 
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Functional Description 

Refer to the yuPD70216 block diagram for an overview 
of the ten major functional blocks listed below. 

• Central processing unit (CPU) 

• Clock generator (CG) 

• Bus interface unit (BID) 

• Bus arbitration unit (BAU) 

• Refresh control unit (RCU) 

• Wait control unit (WCU) 

• Timer/counter unit (TCU) 

• Serial control unit (SCU) 

• Interrupt control unit (ICU) 

• DMA control unit (DMAU) 

Figure 1. /jPD70216 CPU Block Diagram 



Central Processing Unit 

The/;jPD70216 CPU functions similarly to the CPU of 
the /iPD70116 CMOS microprocessor. However, be- 
cause the //PD70216 has internal peripheral devices, 
its bus architecture has been modified to permit 
sharing the buswith internal peripherals. TheA(PD70216 
CPU is object code compatible with both the//PD70108/ 
AJPD70116 and the//PD8086///PD8088 microprocessors. 

Figure 1 is theyuPD70216 CPU block diagram. A listing 
of the//PD70216 instruction set is at the end of this data 
sheet. 



E 



Internai address/data bus (20) 




SS 



DSo 



DSi 



Qo 



Qz 



Q4 



Qi 



Q3 



Qs 



J> To BlU 



o 



c 



o 



1 


TA 
TB 


- Shifter 



o 




K >l*l 



T-State 
Control 
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Register Configuration 

Program Counter [PC]. The program counter is a 16- 
bit binary counter tiiat contains the program segment 
offset of the next instruction to be executed. The PC is 
incremented each time the microprogram fetches an 
instruction from the instruction queue. The contents of 
the PC are replaced whenever a branch, call, return, or 
break instruction is executed and during interrupt 
processing. At this time, the contents of the PC are the 
same as the prefetch pointer (PFP). 

Prefetch Pointer [PFP]. The prefetch pointer is a 
16-bit binary counter that contains the program seg- 
ment offset of the next instruction to be fetched for the 
instruction queue. Because instruction queue prefetch 
is independent of instruction execution, the contents 
of the PFP and PC are not always identical. The PFP is 
updated each time the bus interface unit (BlU) fetches 
an instruction for the instruction queue. The contents 
of the PFP are replaced whenever a branch, call, return 
or break instruction is executed and during interrupt 
processing. At this time, the contents of the PFP and 
PC are the same. 

Segment Registers [PS, SS, DSo, DSi]. The//PD70216 
memory address space is divided into 64K-byte logical 
segments. A memory address is determined by the sum 
of a 20-bit base address (obtained from a segment 
register) and a 16-bit offset known as the effective 
address (EA). I/O address space is not segmented and 
no segment register is used. The four segment registers 
are program segment (PS), stack segment (SS), data 
segment (DSq), and data segment 1 (DSi). The 
following table lists their offsets and overrides. 



Default 
Segment Register Offset 


Override 


PS 


PFP register 


Invalid 


SS 


SP register 


Invalid 


SS 


Effective address (BP-based) 


PS, DSo, DSi 


DSo 


Effective address (non BP-based) 


PS,SS,DSi 


DSo 


IX register (1) 


PS, SS, DSi 


DSi 


lY register (2) 


Invalid 



General-Purpose Registers. The //PD70216 CPU con- 
tains four 16-bit general-purpose registers (AW, BW, 
CW, DW), each of which can be used as a pair of 8-bit 
registers by dividing into upper and lower bytes (AH, 
AL, BH, BL, CH, CL, DM, DL). General purpose 
registers may also be specified implicitly in an in- 
struction. The implicit assignments are: 

AW Word multiplication/division, word I/O, 
data conversion 

AL Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW Loop control, repeat prefix 

CL Shift/rotate bit counts, BCD operations 

DW Word multiplication/division, indirect 
I/O addressing 

Pointer [SP, BP] and Index Registers [IX, lY]. These 
registers serve as base pointers or index registers 
when accessing memory using one of the base, 
indexed, or base indexed addressing modes. Pointer 
and index registers can also be used as operands for 
word data transfer, arithmetic, and logical instructions. 
These registers are implicitly selected by certain 
instructions as follows. 

SP Stack operations, interrupts 

IX Source block transfer, BCD string 
operations, bit field extraction 

lY Destination block transfer, BCD string 
operations, bit field insertion 

Program Status Word [PSW] 

The program status word consists of six status flags 
and four control flags. 



Note: 

(1 ) Includes source block transfer, output, BCD string, and bit field 
extraction. 

(2) Includes destination block transfer, input, BCD string, and bit 
field insertion. 



Status Flags 

• V (Overflow) 

• S (Sign) 

• Z(Zero) 

• AC (Auxiliary Carry) 

• P (Parity) 

• CY (Carry) 



Control Flags 

• MD (f^ode) 

• DIR (Direction) 

• IE (Interrupt Enable) 

• BRK (Break) 
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When pushed onto the stack, the word image of the 
PSW is as follows: 
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The status flags are set and cleared automatically 
depending upon the result of the previous instruction 
execution. Instructions are provided to set, clear, and 
complement certain status and control flags. Other 
flags can be manipulated by using the POP PSW 
instruction. 

Between execution of the BRKEM and RETEM in- 
structions, the native mode RETI and POP PSW 
instructions can modify the MD bit. Care must be 
exercised by emulation mode programs to prevent 
inadvertent alteration of this bit. 

CPU Architectural Features 

The major architectural features of the//PD7021 6 CPU 
are: 

• Dual data buses 

• Effective address generator 

• Loop counter 

• PC and PFP 

Dual Data Buses. To increase performance, dual data 
buses (figure 2) have been employed in the CPU to 
fetch operands in parallel and avoid the bottleneck of a 
single bus. For two-operand instructions and effective 
address calculations, the dual data bus approach is 30 
percent faster than single-bus systems. 

Effective Address Generator. Effective address (EA) 
calculation requires only two clocks regardless of the 
addressing mode complexity due to the hardware 
effective address generator (figure 3). When compared 
with microprogrammed methods, the hardware ap- 
proach saves between 3 and 10 clock cycles during 
effective address calculation. 



Figure 2. Dual Data Buses 
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Figure 3. Effective Address Generator 
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Loop Counter and Shifters. A dedicated loop counter is 
used to count the iterations of block transfer and 
multiple shift instructions. This logic offers a significant 
performance advantage over architectures that control 
block transfers and multiple shifts using microprogram- 
ming. Dedicated shift registers also speed up the 
execution of the multiply and divide instructions. 
Compared with microprogrammed methods, multiply 
and divide instructions execute approximately four 
times faster. 
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Program Counter and Prefetch Pointer. The functions 
of instruction execution and queue prefetch are de- 
coupled in theyuPD7021 6. By avoiding a single-instruc- 
tion pointer and providing separate PC and PFP 
registers, the execution time of control transfers and 
the interrupt response latency can be minimized. 
Several clocks are saved by avoiding the need to 
readjustan instruction pointer to account for prefetch- 
ing before computing the nevv destination address. 

Enhanced Instruction Set 

In addition to the iuPD8086/88 instruction set, the 
yuPD70216 has added the following enhanced instruct- 
ions. 



Instruction 


Function 


PUSH imm 


Pusli immediate data onto stack 


PUSHR 


Pusli all general registers onto stack 


POPR 


Pop all general registers from stack 


MULimm 


Multiply register/memory by immediate data 


SHLImmS 


Shift/rotate by immediate count 


SHRImmB 




SHRA iiTimS 




ROLImmS 




RORImmS 




ROLC immS 




RORC immS 




CHKIND 


Ctieck array index 


INM 


Input multiple 


OUTM 


Output multiple 


PREPARE 


Prepare new stack frame 


DISPOSE 


Dispose current stack frame 



Unique Instruction Set 

In addition to the //PD7021 6 enhanced instruction set, 
the following unique instructions are supported. 



Instruction 


Function 


INS 
EXT 
ADD4S 


Insert bit field 
Extract bit field 
BCD string addition 


SUB4S 
CMP4S 
R0L4 


BCD string subtraction 
BCD string comparison 
Rotate BCD digit left 


R0R4 
TEST1 
SET1 


Rotate BCD digit right 
Test bit 
Set bit 


CLR1 
N0T1 
REPC 


Clear bit 
Complement bit 
Repeat while carry set 


REPNC 
FP02 


Repeat while carry cleared 
Floating point operation 2 



Bit Fields. Bit fields are data structures that range in 
length from 1 to 16 bits. Two separate operations on bit 
fields, insertion and extraction, with no restrictions on 
the position of the bit field in memory are supported. 
Separate segment, byte offset, and bit offset registers 
are used for bit field insertion and extraction. Because 
of their power and flexibility, these instructions are 
highlyeffectiveforgraphics, high-levellanguages, and 
data packing/unpacking applications. 

Insert bit field (INS) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the AW register to 
the bit field addressed by DS1:IY:reg8 (figure 4). The 
bit field length can be located in any byte register or 
supplied as an immediate value. The value in reg8 is a 
bit field offset. A content of selects bit and 15 selects 
bit 15 of the word DSO:IX points to. Following execution, 
the I Y and bit offset register are updated to point to the 
start of the next bit field. 

Bit field extraction (EXT) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the bit field 
addressed by DS0:IX:reg8 to the AW register (figure 5). 
If the bit field is less than 16 bits, it is right justified with 
a zero fill. The bit field length can be located in any byte 
register or supplied as immediate data. The value in 
regS is a bit field offset. A content of selects bit and 
15 selects bit 15 of the word DSO:IX points to. Following 
execution, the IX and bit offset register are updated to 
point to the start of the next bit field. 

Pacl(ed BCD Strings. These instructions are provided 
to efficiently manipulate packed BCD data as strings 
(length from 1 to 254 digits) or as a byte data type with a 
single instruction. 

BCD string arithmetic is supported by the ADD4S, 
SUB4S, and CMP4S instructions. These instructions 
allow the source string (addressed by DSO:IX) and the 
destination string (addressed by DS1 :IY) to be manip- 
ulated with a single instruction. When the number of 
BCD digits is even, the Z and CY flags are set according 
to the result of the operation. If the number of digits is 
odd, the Z flag will not be correctly set unless the upper 
4 bits of the result are zero. The CY flag will not be 
correctly set unless there is a carry out of the upper 4 
bits of the result. 

The two BCD rotate instructions (R0R4, R0L4) perform 
rotation of a single BCD digit in the lower half of the AL 
register through the register or memory operand. 

Bit IVIanipulation. Four bit manipulation instructions 
have been added to the//PD70216 instruction set. The 
ability to test, set, clear, or complement a single bit in a 
register or memory operand increases code readability 
as well as performance over the logical operations 
traditionally used to manipulate bit data. 
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Figure 4. Bit Field Insertion 
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Repeat Prefixes. Two repeat prefixes (REPC, REPNC) 
allow conditional block transfer instructions to use the 
state of the CY flag as a terminating condition. The use 
of these prefixes allows inequalities to be used when 
working on ordered data, increasing the performance 
of searching and sorting algorithms. 

Floating Point Operation Instructions. Two floating 
point operation (FPO) instruction types are recognized 
bythe//PD70216 CPU. These instructions are detected 
by the CPU, which performs any auxiliary processing 
such as effective address calculation and the initial bus 
cycle if specified by the instruction. It is the responsi- 
bility of the external coprocessor to latch the address 
information and data (if a read cycle) from the bus and 
complete the execution of the instruction. 



8080 Emulation Mode. TheA(PD7021 6 CPU can operate 
in either of two modes; see figure 6. Native mode allows 
the execution of the//PD8086/88, enhanced and unique 
instructions. The other operating mode is 8080 emu- 
lation mode, which allows the entire /;<PD8080AF 
instruction set to be executed. A mode (MD) flag is 
provided to distinguish between the two operating 
modes. Native mode is active when MD is 1 and 8080 
emulation mode is active when MD is 0. 

Two instructions are provided to switch from native to 
8080 emulation mode and return back. Break for 
emulation (BRKEM) operates similarly to a BRK 
instruction, except that after the PSW has been pushed 
on the native mode stack, the MD flag is cleared. 
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During 8080 emulation mode, the registers and flags of 
the 8080 are mapped onto the native mode registers 
and flags as shown below. Note that PS, SS, DSq, DSi, 
IX, lY, AH and the upper half of the PSW registers are 
inaccessible to 8080 programs. 



Registers 



Flags 



A(PD8080AF 



//PD70216 



A 


AL 
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CH 
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CL 
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DH 
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DL 
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BH 
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BL 


SP 


BP 


PC 


PC 
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CY 


Z 
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S 


P 


P 


AC 


AC 



During 8080 emulation mode, the BPregisterfunctions 
as the 8080 stack pointer. The use of separate stack 
pointers prevents inadvertent damage to the native 
stack pointer by emulation mode programs. 

The 8080 emulation mode PC is combined with the PS 
register to form the 20-bit physical address. All emu- 
lation mode data references use DSO as the segment 
register. For compatibility with older 8080 software 
these registers must be equal. By using different 
segment register contents, separate 64K-byte code 
and data spaces are possible. 

Either an NM I or maskable interrupt will cause the 8080 
emulation mode to be suspended. The CPU pushes the 
PS, PC, and PSW registers on the native mode stack, 
sets the MD bit (indicating native mode), and enters the 
specified interrupt handler. When the return from 
interrupt (RETI) instruction is executed, the PS, PC, 
and PSW (containing MD=0) are popped from the 
native stack and execution in 8080 emulation mode 
continues. Reset will also force a return to native mode. 



Figure 6. /jPD70216 Modes. 




3-188 



SEC 



//PD70216(V50) 



The 8080 emulation mode programs also have the 
capability to invoke native mode interrupt handlers by 
means of the call native (CALLN) instruction. This 
instruction operates the same as the BRK instruction 
except that the saved PSW indicates 8080 emulation 
mode. 

Toexit8080emulation mode, the return from emulation 
(RETEM) instruction pops the PS, PC, and PSW from 
the native mode stack and execution continues with 
the instruction following the BRKEM instruction. Nest- 
ing of 8080 emulation modes is prohibited. 

Interrupt Operation 

The //PD70216 supports a number of external interrupts 
and software exceptions. External interrupts are events 
asynchronous to program execution. On the other 
hand, exceptions always occur as a result of program 
execution. 

The two types of external interrupts are: 

• Nonmaskable interrupt (NMI) 

• Maskable interrupt (INT) 

The six software exceptions are: 

• Divide error (DIV, DIVU instructions) 

• Array bound error (CHKIND instruction) 

• Break on overflow (BRKV instruction) 

• Break (BRK, BRK3 instructions) 

• Single step (BRK bit in PSW set) 

• Mode switch (BRKEM, CALLN instructions) 

interrupt vectors are determined automatically for 
exceptions and the NMI interrupt or supplied by 
hardware for maskable interrupts. The 256 interrupt 
vectors are stored in a table (figure 7) located at 
address OOOOOH. Vectors to 5 are predetermined and 
vectors 6 to 31 are reserved. Interrupt vectors 32 to 255 
are available for use by application software. 

Each vector is made up of two words. The word located 
at the lower address contains the new PC for the 
interrupt handler. The word at the next-higher address 
is the new PS value for the interrupt handler. These 
must be initialized by software at the start of a program. 

Standby Mode 

The yuPD70216 CPU has a low-power standby mode, 
i/vhich can dramatically reduce power consumption 
during idle periods. Standby mode is entered by simply 
3xecuting a native or 8080 emulation HALT instruction; 
io external hardware is required. All other peripherals 
5uch as the timer/counter unit, refresh control unit, 
ind DMA control unit continue to operate as pro- 
grammed. 



During standby mode, the clock is distributed only to 
the circuits required to release the standby mode. 
When a RESET, NMI, or INT event is detected, the 
standby mode is released. Both NMI and unmasked 
interrupts are processed before control returns to the 
instruction following the HALT. In the case of the INT 
input being masked, execution will begin with the 
instruction immediately following the HALT instruction 
without an intervening interrupt acknowledge bus 
cycle. When maskable interrupts are again enabled, the 
interrupt will be serviced. 

Output signal states in the standby mode are listed 
below. 



Output Signal 


Status in Standby Mode 


INTAK, BUFEN, 
MRD, MWR, lOWR, 
lORD UBE 


High level 


BS2-BS0 (Note 2) 


Sends halt status (011), 
then remains high (111) 


QS1-QS0, ASTB 


Low level 


BUSLOCK 


High level (low level if the 
HALT instruction follows the 
BUSLOCK prefix) 


BUFR/W, 

A19-A16/PS3-PS0, 

AD15-AD0 


High or low level 




Note: 

(1) Output pin states during refresh and DIVIA bus cycles will be as 
defined for those operations. 

(2) Halt status is presented prior to entering the passive state. 
Figure 7. Interrupt Vector Table 
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Clock Generator 

The clock generator (CG) generates a clock signal half 
the frequency of a parallel-resonant, fundamental 
mode crystal connected to pins XI and X2. Figure 8 
shows the recommended circuit configuration. Capac- 
itors CI and C2 are required for frequency stability. 
Their values can be calculated from the load capaci- 
tance (CL) specified by the crystal manufacturer. 

CI = C2 = 2 (CL - CS) 

CS is any stray capacitance in parallel with the crystal, 
such as the//PD70216 input capacitance. 

External clock sources (figure 9) are also accom- 
modated by applying the external clock to the X1 pin 
and its complement to the X2 pin. The CG distributes 
the clock to the CLKOUT pin and to each functional 
block of the//PD70216. The generated clock signal has 
a 50-percent duty cycle. 

Figure 8. Crystal Configuration 



Bus Interface Unit 

The bus interface unit (BID) controls the external 
address, data, and control buses for the three internal 
bus masters: CPU, DMA control unit (DMAU), and 
refresh control unit (RCU). TheBIU is also responsible 
for synchronization of the RESET and READY inputs 
with the clock. The synchronized reset signal is used 
internally by the//PD70216 and provided externally at 
the RESOUT pin as a system-wide reset. The synch- 
ronized READY signal is combined with the output of 
the wait control unit (WCU) and is distributed internally 
to the CPU, DMA U, and R CU. Figure 10 shows the 
synchronization of RESET and READY. 
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Figure 9. External Oscillator Configuration 
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Bus Arbitration Unit 

The bus arbitration unit (BAD) arbitrates the local bus 
between the internal CPU, DMAU, and RCU bus 
requesters and an external bus master. The BAD bus 
priorities from the highest priority requester to the 
lowest are: 

RCU (Demand mode) 

DMAU 

HLDRQ 

CPU 

RCU (Normal mode) 

Note that RCU requests the bus at either the highest or 
lowest priority depending on the status of the refresh 
request queue. Bus masters other than the CPU are 
prohibited from using the bus w hen the C PU is 
executing an instruction containing a BUSLOCK prefix. 
Therefore, caution should be exercised when using the 
BUSLOCK prefix with instructions having a long 
execution time. 

If a bus master with higher priority than the current bus 
master requests the bus, the BAU inactivates the 
current bus master's acknowledge signal. When the 
BAU sees the bus request from the current master go 
inactive, the BAU gives control of the bus to the higher 
priority bus master. The BAU performs bus switching 
between internal bus masters without the introduction 
of idle bus cycles, enhancing system throughput. 

System I/O Area 

The I/O address space from addresses FFOOH to 
FFFFH is reserved for use as the system I/O area. 
Located in this area are the 12//PD70216 registers that 

Figure 11. OPCN Register Format 



determine the I/O addressing, enable/disable periph- 
erals, and control pin multiplexing. 



I/O Address 


Register 


Operation 


FFFFH 
FFFEH 
FFFDH 


Reserved 

OPCN 

OPSEL 


Read /Write 
Read/Write 


FFFCH 
FFFBH 
FFFAH 


OPHA 
DULA 
lULA 


Read/Write 
Read /Write 
Read/Write 


FFF9H 
FFF8H 
FFF7H 


TULAL 

SULA 

Reserved 


Read/Write 
Read/Write 


FFF6H 
FFF5H 
FFF4H 


WCY2 
WCY1 
WMB 


Read/Write ^ 
Read /Write 
Read /Write 


FFF3H 
FFF2H 
FFF1H 


Reserved 

RFC 

Reserved 


Read /Write 


FFFOH 


TCKS 


Read/Write 




On-Chip Peripheral Connection Register 

The on-chip peripheral connection (OPCN) register 
controls multiplexing of the yuPD70216 multiplexed 
pins. Figure 11 shows the format of the OPCN register. 
The interrupt request switch (IRSW) field controls 
multiplexing of ICU interrupt inputs INT1 and INT2. 
The output of an internal peripheral or an external 
interrupt source can be selected as the INT1 and INT2 
inputs to the ICU. 

The pin function (PF) field in the OPCN sel ects one o f 
four possi ble states for th e DMARQ3/RxD, DMAAK3/ 
TxD, and INTAK/SRDY/T0UT1 pins. Bit of the 
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DMARQS/RxD 


DMAAK3/TXD 


INTAK/SRDY/TOUTI 




00 


DMARQ3 


DMAAK3 


INTAK 


01 


DMARQ3 


DMAAK3 


T0UT1 


10 


RxD 


TxD 


INTAK 


11 


RxD 


TxD 


SRDY 










Interrupt Request Switch 


INT1 


INT2 
















00 


INTP1 Pin 


INTP2 Pin 




01 


sou 


INTP2 Pin 




10 
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11 


sou 


T0UT2 
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OPCN controls the fun ction o f the INTAK/SRDY/ Internal Peripheral Relocation Registers 

T0UT1 pin. If cleared, INTAK will appe ar on this 
output pin. If bit is set, either TOUT1 or SRDY will 



appear at the output depending on the state of bit 1 . If 
bit 1 is cleared, DMA chann el 3 I/O si gnals will appear 
on the DMARQ3/RxD and DMAAK3/TxD pins. If the 
SCU is to be used, bit 1 of the PF field must be set. 

On-Chip Peripheral Selection Register 

The on-chip peripheral selection (OPSEL) register is 
used to enable ordisable theyuPD7021 6 internal periph- 
erals. Figure 12 shows the format of the OPSEL 
register. Any of the four (DMAU, TCU, ICU, SCU) 
peripherals can be independently enabled or disabled 
by setting or clearing the appropriate OPSEL bit. 



Figure 12. 
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The five internal peripheral relocation registers (figure 
1 3) are used to fix the I/O addresses of the DMAU, ICU, 
TCU, and SCU. The on-chip peripheral high-address 
(OPHA) register is common to all four internal periph- 
erals and fixes the high-order byte of the 16-bit I/O 
address. The individual DMAU low-address (DULA) 
register, ICU low-address (lULA) register, TCU low- 
address (TULA) register, and the SCU low-address 
(SULA) register select the low-order byte of the I/O 
addresses for the DMAU, ICU, TCU, and SCU periph- 
erals. 

The contents of the OPHA register are: 



7 






OPHA 









Ai5 


Ai4 


Ai3 


1 
Ai2 Aii 


1 
Aio 


Ag 


As 



The formats for the individual internal peripheral re- 
gisters appear below. Since address checking is not 
performed, do not overlap two peripheral I/O address 
spaces. 
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Figure 13. fjiPD70216 Peripiieral Relocation 
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Figure 14. Timer Ciocic Selection Register 
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Timer Clock Selection Register 

The timer clock selection (TCKS) register selects the 
clock source for each of the timer/counters as well as 
the divisor for the internal clock prescaler. Figure 14 
shows the format of the TCKS register. The clock 
source for each timer/counter is independently select- 
ed from either the prescaled CLKOUT signal or from an 
external clock source (TCLK). The internal clock is 
derived from the CLKOUT signal and can be divided by 
2, 4, 8, or 16 before being presented to the clock select 
logic. 

Refresh Control Unit 

The refresh control unit (RCU) refreshes external 
dynamic RAM devices by outputting an 8-bit row 
address on address lines A3-A1 and perf ormin g a 
word-aligned memory read bus cycle. Both UBE and 
Aq are asserted to allow the refresh of both the even 
and odd memory banks. External logic can distinguish 
a refresh bus cycle by monitoring the refresh request 
(REFRQ) pin. Following each refresh bus cycle, the 
refresh row counter is incremented. The refresh control 
(RFC) register in the system I/O area contains two 
'ields. The refresh enable field enables or disables the 
'efreshing function. The refresh timer (RTM) field 
selects a refresh interval to match the dynamic memory 

efresh requirements. Figure 15 shows the format for 

he RFC register. 

"o minimize the impact of refresh on the system bus 
tandwidth, the //PD70216 utilizes a refresh request 
]ueue to store refresh requests and perform refresh 
us cycles in otherwise idle bus cycles. 

he RCU normally requests the bus as the lowest- 
riority bus requester (normal mode). However, if 
even refresh requests are allowed to accumulate in 
ie RCU refresh request queue, the RCU will change to 



the highest-priority bus requester (demand mode). 
The RCU will then perform back-to-back refresh cycles 
until three requests remain in the queue. This guar- 
antees the integrity of the DRAM system while maximiz- 
ing performance. 

The refresh count interval can be calculated as follows: 

Refresh interval = 8 x N x tevK 

where N is the timer factor selected by the RTM 
field. 

When the //PD70216 is reset, the RE field in the RFC 
register is unaffected and the RTM field is se t to 010 00 
(N = 9). No refresh bus cycles occur while RESET is 
asserted. 



Figure 15. 
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Wait Control Unit 

The wait control unit (WCU) inserts from zero to tliree 
wait states into a bus cycle in order to compensate for 
the varying access times of memory and I/O devices. 
The number of wait states for CPU, DMAU, and RCU 
bus cycles is separately programmable. In addition, 
the memory address space is divided into three in- 
dependent partiti ons to a ccommodate a wide range of 
system designs. RESET initializes the WCU to insert 
three wait states in all bus cycles. This allows operation 
with slow memory and peripheral devices before the 
initialization of the WCU registers. 

The three system I/O area registers that control the 
WCU are wait cycle 1 (WCY1), wait cycle 2 (WCY2), 
and wait state memory boundary (WMB). The WCU 
always inserts wait states corresponding to the wait 
count programmed in WCY1 or WCY2 registers into a 
bus cycle, regardless of the state of the external 
READY input. After the programmed number of wait 
states occurs, the WCU will insert Tw states as long as 

Figure 16. Waft State Memory Boundary Register 



the READY pin remains inactive. When READY is again 
asserted, the bus cycle continues with T4 as the next 
cycle. ThejuPD7021 6 internal peripherals never require 
wait states; four clock cycles will terminate an internal 
peripheral bus cycle. 

CPU Wait States 

The WMB register divides the 1 M-byte memory address 
space into three independent partitions: lower, middle, 
and upper. Figure 16 shows the WMB register format. 

Initialization software can then set the number of wait 
states for each memory partition and the I/O partition 
via the WCY1 register (figure 17). 

DMA and Refresh Wait States 

The WCY2 register (figure 18) specifies the number of 
wait states to be automatically inserted in DMA and 
refresh bus cycles. 
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Timer/Counter Unit 

The timer/counter unit (TCU) provides a set of three 
independent 16-bit timer/counters. The output signal 
oftimer/counterO is hardwired internallyas an interrupt 
source. The output of timer/counter 1 is available 
internally as an interrupt source, used as a baud rate 
generator, or used as an external output. The timer/ 
counter 2 output is available as an external output. Due 
to mode restrictions, the TCU is a subset of the 



Figure 18. Wait Cycie 2 Register 
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//PD71054 Programmable Timer/Counter. Figure 19 
shows the internal block diagram of the TCU. 

The TCU has the following features: 

• Three 16-bit timer/counters 

• Six programmable count modes 

• Binary/BCD counting 

• Multiple latch command 

• Choice of two clock sources 




Figure 19. TCU Bioci( Diagram 
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Because RESET leaves the TCU in an uninitialized 
state, each timer/counter nnust be initialized by 
specifying an operating mode and a count. Once 
programmed, a timer/counter will continue to operate 
in that mode until another mode is selected. When the 
count has been written to the counter and transferred 
to the down counter, a new count operation starts. 
Both the current count and the counter status can be 
read while count operations are in progress. 

TCU Commands 

The TCU is programmed by issuing I/O instructions to 
the I/O port addresses programmed in the OPHA and 
TULA registers. The individual TCU registers are 
selected by address bits A2 and Ai as follows. 
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The timer mode (TMD) register selects the operating 
mode for each timer/counter and issues the latch 
command for one or more timer/counters. Figure 20 
shows the format for the TMD register. 

Writes to the timer/counter 2-0 (TGT2-TCT0) registers 
stores the new count in the appropriate timer/counter. 
The count latch command is used before reading 
count data in order to latch the current count and 
prevent inaccuracies. 

The timer status 2-0 (TST2-TST0) registers contain 
status information forthe specified counter (figure 21 ). 
The latch command is used to latch the appropriate 
counter status before reading status information. If 
both status and counter data are latched for a counter, 
the first read operation returns the status data and 
subsequent read operations obtain the count data. 

Count Modes 

There are six programmable timer/counter modes. The 
timing waveforms for these modes are in figure 22. 

Mode [Interrupt on End of Count]. In this mode, 
TOUT changes from the low to high level when the 
specified count is reached. This mode is available on 
all timer/counters. 
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Mode 1 [Retriggerable One-shot]. In mode 1, a low- 
level one-shot pulse, triggered by TCTL2 is output 
from the T0UT2 pin. This mode is available only on 
timer/counter 2. 

Mode 2 [Rate Generator]. In mode 2, TOUT cyclically 
goes low for one clock period when the counter 
reaches the 0001H count. A counter in this mode 
operates as a frequency divider. Ail timer/counters can 
operate using mode 2. 

Mode 3 [Square Wave Generator]. Mode 3 is a frequency 
divider similar to mode 2, but the output has a sym- 
metrical duty cycle. This mode is available on all three 
timer/counters. For counts of N = 2, use mode 2. 

Mode 4 [Software Triggered Strobe]. In mode 4, when 
the specified count is reached, TOUT goes low for the 
duration of one clock pulse. Mode 4 is available on all 
timer/counters. 

Mode 5 [Hardware Triggered Strobe]. Mode 5 is similar 
to mode 4 except that operation is triggered by the 
TCTL2 input and can be retriggered. This mode is 
available only on timer/counter 2. 

Serial Control Unit 

The serial control unit (SOU) is a single asynchronous 
serial channel that performs serial communication 
between the//PD70216 and an external serial device. 
TheSCUissimilartothe/^PD71051 Serial Control Unit 
except for the lack of synchronous communication 
protocols. Figure 23 is the block diagram of the 
SCU. 

The SCU has the following features. 

Full-duplex asynchronous serial controller 

Clock rate divisor (x1 6, x64) 

Baud rates to 38.4 kb/s supported 

7-, 8-bit character lengths 

1-, 2-bit stop bit lengths 

Break transmission and detection 

Full-duplex, double-buffered transmitter/receiver 

Even, odd, or no parity 

Parity, overrun, and framing error detection 

Receiver full and transmitter empty interrupts 

TheSCU contains four separately addressable register 
for reading/writing data, reading status, and control 
ling operation of the SCU. The serial receive buffe 
(SRB) and the serial transmit buffer (STB) store th 
incoming and outgoing character data. The seri? 
status (SST) register allows software to determine th 
current state of both the transmitter and receiver. Th 
serial command (SCM) and serial mode (SMD) registei 
determine the operating mode of the SCU while th 
serial interrupt mask (SIMK) register allows softwai 
control of the SCU receive and transmit interrupts. 
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Figure 20. Timer Mode Register 
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figure 21. TCU Status Register 
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Figure 22. TCU Waveforms (Sheet 1 of 3) 
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Figure 22. TCU Waveforms (Sheet 2 of 3) 
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Figure 22. TCU Waveforms (Sheet 3 of 3) 
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Figure 23. SCU Block Diagram 
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Receiver Operation 

While the RxD pin is high, the SCU is in an idle state. A 
transition on RxD from high to low indicates the start of 
a new serial data reception. When a complete character 
has been received, it is transferred to the SRB; the 
receive buffer ready (RBRDY) bit in the SST register is 
set and (if unmasked) an interrupt is generated. The 
SST also latches any parity, overrun, or framing errors 
at this time. 

The receiver detects a break condition when a null 
character with zero parity is received. The BRK bit is 
set for as long as the subsequent receive data is low 
and resets when RxD returns to a high level. The MRDY 
bit (S CM) and RBR DY (SST) are gated to form the 
output SRDY. SRDY prevents overruns from occurring 
yvhen the program is unable to process the input data. 
Software can control MRDY to prevent data from being 
sent from the remote transmitter while RBRDY can 
prevent the immediate overrun of a received character. 



stream (LSB to MSB) and an optional parity bit. One or 
two stop bits are then appended, depending on the 
programmed mode. When the character has been 
transferred from the STB, the TRBDY bit in the SST is 
set and if unmasked, a transmit buffer empty interrupt 
is generated. 

Serial data can be transmitted and received by polling 
the SST register and checking the TBRDY or RBRDY 
flags. Data can also be transmitted and received by 
SCU-generated interrupts to the interrupt control unit. 
The SCU generates an interrupt in either of these 
conditions: 

(1) The receiver is enabled, the SRB is full, and receive 
interrupts are unmasked. 

(2) The transmitter is enabled, the STB is empty, and 
transmit interrupts are unmasked. 



Transmitter Operation 

FxD is kept high while the STB register is empty. When 
he transmitter is enabled and a character is written to 
he STB register, the data is converted to serial format 
md output on the TxD pin. The start bit indicates the 
tart of the transmission and is followed by the character 
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SCU Registers and Commands 

I/O instructions to tine I/O addresses selected by the 
OPHA and SULA registers are used to read/write the 
SCU registers. Address bits Ai and A2 and the read/ 
write lines select one of the six internal registers as 
follows: 
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The SRB and STB are 8-bit registers. When the 
character length is 7 bits, the lower 7 bits of the SRB 
register are valid and bit 7 is cleared to 0. If programmed 
for 7-bit characters, bit 7 of the STB is ignored. 

Figure 24. SST Register 



The SST register (figure 24) contains the status of the 
transmit and receive data buffers and the error flags. 
Error flags are persistent. Once an error flag is set, it 
remains set until a clear error flags command is issued. 

Figure 25 shows the SCM and SMD registers. The SCM 
register stores the command word that controls 
transmission, reception, error flag reset, break trans- 
mission, and the state of the SRDY pin. The SMD 
register stores the mode word that determines serial 
characteristics such as baud rate divisor, parity, char- 
acter length, and stop bit length. 

Initialization software should first program the SMD 
register followed by the SCM register. Unlike the 
/uPD71051, the SMD register can be modified at any 
time without resetting the SCU. 

The SIMK register (figure 26) controls the occurrence 
of RBRDY and TBRDY interrupts. When an interrupt is 
masked, it is prevented from propagating to the inter- 
rupt control unit. 
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Figure 25. SCM and SMD Registers 
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Figure 26. SIMK Register 
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Interrupt Control Unit 

The interrupt control unit (ICU) is a programmable 
interrupt controller equivalent to the /uPD71059. The 
ICU arbitrates up to eight interrupt inputs, generates a 
CPU interrupt request, and outputs the interrupt vector 
number on the internal data bus during an interrupt 
acknowledge cycle. Cascading up to seven external 
slave /iPD71059s permits the //PD70216 to support up 
to 56 interrupt sources. Figure 27 is the block diagram 
for the ICU. 



The ICU has the following features. 

• Eight interrupt request inputs 

• Cascadable with //PD71059 Interrupt Controllers 

• Programmable edge- or level-triggered interrupts 
(TCU, edge-triggered interrupts only) 

• Individually maskable interrupt requests 

• Programmable interrupt request priority 

• Polling mode 

ICU Registers 

Use I/O instructions to the I/O addresses selected by 
the OPHA and lULA registers to read from and write to 
the ICU registers. Address bit Ai and the command 
word selects an ICU internal register. 
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Figure 27. ICU Biocli Diagram 
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Initializing the ICU 

The ICU is always used to service maskable interrupts 
in a yuPD70216 system. Prior to accepting masl<able 
interrupts, the ICU must first be initialized (figure 28). 
Following initialization, command wordsfrom the CPU 
can change the interrupt request priorities, mask/un- 
mask interrupt requests, and select the polling mode. 
Figures 29 and 30 list the ICU initialization and com- 
mand words. 

Interrupt initialization words 1-4 (IIW1-IIW4) initialize 
the ICU, indicate whether external //PD71059s are 
connected as slaves, select the base interrupt vector, 
and select edge- or level-triggered inputs for INT1- 
INT7. Interrupt sources from the TCU are fixed as 
edge-triggering. INTO is internally connected to 
TOUTO, and INT2 may be connected to T0UT1 by the 
IRSW field in the OPCN. 

The interrupt mask word (IMKW) contains program- 
mable mask bits for each of the eight interrupt inputs. 
The interrupt priority and finish word (IPFW) is used by 
the interrupt handler to terminate processing of an 
interrupt or change interrupt priorities. The interrupt 
mode word (IMDW) selects the polling register, inter- 
rupt request (IRQ) or interrupt in service (IIS) register, 
and the nesting mode. 

The initialization words are written in consecutive 
order starting with IIW1. IIW2 sets the interrupt vector. 
1 1 W3 specifies which interrupts are connected to slaves. 
IIW3 is only required in extended systems. The ICU will 
only expect to receive I IW3 if SNGL = (bit Di of IIW1). 
IIW4 is only written if 114 = 1 (bit Dq of IIW1). 

/(/PD71059 Cascade Connection 

To increase the number of maskable interrupts, up to 
seven slave //PD7 1059 Interrupt Controllers can be 
cascaded. During cascade operation (figure 31), each 

Figure 28. Initialization Sequence 
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slave /uPD71059 INT output is routed to one of the 
//PD70216 INTP inputs. During the second interrupt 
acknowledge bus cycle, the ICU places the slave 
address on address lines ADiq-ADs. Each slave com- 
pares this address with the slave address programmed 
using interrupt initialization word 3 (IIW3). If the same, 
the slave will place the interrupt vector on pins AD7- 
ADo during the second interrupt acknowledge bus 
cycle. 



Figure 29 
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Figure 30. Command Words 
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Figure 31. /jPD71059 Cascade Connection 
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DMA Control Unit 

The DMA Control Unit (DMAU) is a high-speed DMA 
controller compatible with the //PD71071 DMA Con- 
troller. The DMAU has four independent DMA channels 
and performs high-speed data transfers between 
memory and external peripheral devices at speeds as 
high as 4 megabytes/second in an 8-MHz system. 
Figure 32 is the block diagram for the DMAU. 

The DMAU has the following features. 

• Four independent DMA channels 

• Cascade mode for slave yuPD71071 DMA controllers 

• 20-bit address registers 

• 16-bit transfer count register 

• Single, demand, and block transfer modes 

• Bus release and bus hold modes 

• Autoinitialization 

• Address increment/decrement 

• Fixed/rotating channel priorities 

• TC output at transfer end 

» Forced termination of service by END input 

DMAU Basic Operation 

The DMAU operates in either a slave or master mode, 
n the slave mode, the DMAU samples the four DMARQ 
nput pins every clock. If one or more inputs are active, 
he corresponding DMA request bits are set and the 
pMAU sends a bus request to the BAU while continuing 
o sample the DMA request inputs. After the BAU 
eturns the DMA bus acknowledge signal, the DMAU 
itops DMA request sampling, selects the DMA channel 
vith the highest priority, and enters the bus master 
node to perform the DMA transfer. While in the bus 
naster mode, the DMAU controls the external bus and 
lerforms DMA transfers based on the preprogrammed 
ihannel information. 



Terminal Count 

The DMAU ends DMA service when the terminal count 
condition is generated or when the END input is 
asserted. A terminal count (TC) is produced when the 
contents of the current count register becomes zero. If 
autoinitialization is not enabled when DMA service 
terminates, the mask bit of the channel is set and the 
DMARQ input of that channel is masked. Otherwise, 
the current count and address registers are reloaded 
from the base registers and new DMA transfers are 
again enabled. 

DMA Transfer Type 

The type of transfer the DMAU performs depends on 
the following conditions. 

• Direction of the transfer (each channel) 

• Transfer mode (each channel) 

• Bus mode 

Transfer Direction 

All DMA transfers use memory as a reference point. 
Therefore, a DMA read operation transfers data from 
memory to an I/O port. A DMA write reads an I/O port 
and writes the data to memory. During memory-to-l/0 
transfer, the DMA mode (DMD) register is used to 
select the transfer directions for each channel and 
activate the appropriate control signals. 
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Figure 32. DMAU Block Diagram 
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Bus Mode 

The DMA device control (DDC) register selects oper- 
ation in either the bus release or bus hold mode. The 
selected bus mode determines the DMAU conditions 
for return of the bus to the BAU. Figure 33 shows 
that in bus release mode, only one channel is serviced 
after the DMAU obtains the bus. When DMA service 
ends (termination conditions depend on the transfer 
mode), the DMAU returns the bus to the BAU regardless 
of the state of other DMA requests, and the DMAU 
reenters the slave mode. When the DMAU regains use 
of the bus, a new DMA operation can begin. 

In bus hold mode, several channels can receive con- 
tiguous service without releasing the bus. If there is 
another valid DMA request when a channel's DMA 
service is finished, the new DMA service can begin 
immediately after the previous service without return- 
ing the bus to the BAU. 



Figure 33. Bus iVIodes 
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Transfer Modes 

The DMD register also selects either single, demand, 
or block transfer mode for each channel. The conditions 
for the termination of each transfer characterize eacl^ 
transfer mode. The following table shows the various 
transfer modes and termination conditions. 
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The operation of single, demand, and block mode 
transfers depends on whether the DMAU is in bus 
release or bus hold mode. Figure 34 shows the oper- 
ation flow for the six possible transfer and bus mode 
operations in DMA transfer. 

Single Mode Transfer. In bus release mode, when a 
channel completes transfer of a single byte or word, 
the DMAU enters the slave mode regardless of the state 
of DMA request inputs. In this manner, other lower- 
priority bus masters will be able to access the bus. 

In bus hold mode, when a channel completes transfer 
of a single byte or word, the DMAU terminates the 
channel's service even if the DMARQ request signal is 
asserted. The DMAU will then service any other 
requesting channel. If there are no requests from any 
other DMA channels, the DMAU releases the bus and 
enters the slave state. 

Demand Mode Transfer. In bus release mode, the 
currently active channel continues to transfer data as 
long as the DMA request of that channel is active, even 
though other DMA channels are issuing higher-priority 
requests. When the DMA request of the serviced 
channel becomes inactive, the DMAU releases the bus 
and enters the slave state. 

I n bus hold mode, when the active channel completes a 
single transfer, the DMAU checks the other DMA 
request lines without ending the current service. If 
there is a higher-priority DMA request, the DMAU 
stops the service of the current channel and starts 
servicing the highest-priority channel requesting serv- 
ice. If there is no higher request than the current one, 
the DMAU continues to service the currently active 
channel. Lower-priority DMA requests are honored 
without releasing the bus after the current channel 
service is complete. 

Block Mode Transfer. In bus release mode, the current 
channel continues DM A tra nsfers until a terminal 
count or the external END input becomes active. 
During this time, the DMAU ignores all other DMA 
i-equests. After completion of the block transfer, the 
DMAU releases the bus and enters the slave state, even 
f DMA requests from other channels are active. 

n bus hold mode, the current channel transfers data 
ijntil an internal or external END signal becomes 
ictive. When the service is complete, the DMAU 
jhecks all DMA requests without releasing the bus. If 
jhere is an active request, the DMAU immediately 
)egins servicing the request. The DMAU releases the 
)us after it honors all DMA requests or a higher-priority 
)us master requests the bus. 



Byte/Word Transfer 

The DMD register can specify DMA transfers in byte or 
word units for each channel. Addresses and count 
registers are updated as follows during byte/word 
transfers. 
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During word transfers, two bytes starting at an even 
address are handled as a single word. If the starting 
address is odd, a DMA transfer is started after first 
decrementing the address by 1 . For this r eason , always 
select even addresses. The ADq and UBE outputs 
control byte and word DMA transfers. The following 
shows th e rel ationship between the data bus width, 
ADo and UBE signals, and data bus status. 
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Autoinitialize 

When the DMD register selects autoinitialize for a 
channel, the DMAU automatica lly re initializes the ad- 
dress and count registers when END is asserted or the 
terminal count condition is reached. The contents of 
the base address and base count registers are transfer- 
red to the current address and current count registers, 
and the applicable bit of the mask register remains 
cleared. 

Channel Priority 

Each of the four DMAU channels is assigned a priority. 
When multiple DMA requests from several channels 
occur simultaneously, the channel with the highest 
priority will be serviced first. The DDC register selects 
one of two priority schemes: fixed or rotating (figure 
35). In fixed priority, channel is assigned the highest 
priority and channel 3, the lowest. In rotating priority, 
priority order is rotated after each service so that the 
channel last serviced receives the lowest priority. This 
method prevents the exclusive servicing of higher- 
priority channels and the lockout of lower-priority 
DMA channels. 
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Figure 34. Transfer Modes 
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Cascade Connection 

Slave //PD71 071 DMA Controllers can be cascaded to 
easily expand the system DMA channel capacity to 1 6 
DMA channels. Figure 36 shows an example of cascade 
connection. During cascade operation, the DMAU acts 
as a mediator between the BAU and the slave 
//PD71071S. All other bus outputs are disabled while a 
slave DMA controller is active. 



The DMAU always operates in the bus hold mode while 
a cascade channel is in service, even when the bus 
release mode is programmed. Other DMA requests are 
held pending while a slave juPD71071 channel is in 
service. When the cascaded /uPD71071 ends service 
and moves into the slave state, the DMAU also moves 
to the slave state and releases the bus. At this time, all 
bits of the DMAU request register are cleared. The 
DMAU continues to operate normally with the other 
noncascaded channels. 



Figure 35. 
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Figure 36. 
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Bus Waiting Operation 

The DMAU will automatically perform a bus waiting 
operation (figure 37) whenever the RCU refresh request 
queue fills. When the DMA bus acknowledge goes 
inactive, the DMAU enters the bus waiting mode and 
inactivates the DMA bus request signal. Control of the 
bus is then transferred to the higher-priority RCU by 
theBAU. 

Two clocks later, the DMAU reasserts its internal DMA 
bus request. The bus waiting mode is continued until 
the DMA bus acknowledge signal again becomes 
active and the interrupted DMA service is immediately 
restarted. 

Programming the DIVIAU 

To prepare a channel for DMA transfer, the following 
characteristics must be programmed. 

• Starting address for the transfer 

• Transfer count 

• DMA operating mode 

• Transfer size (byte/word) 

The contents of the OPHA and DULA registers deter- 
mine the base I/O port address of the DMAU. Addresses 
A3-A0 are used to select a particular register as follow: 
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Word I/O instructions can be used to read/write the 
register pairs listed below. All other registers are 
accessed via byte I/O instructions. 
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DMAU Registers 

Initialize. The DMA initialize command (DICM) register 
(figure 38) is used to perform a software reset of the 
DMAU. The DICM is accessed using the byte OUT 
instruction. 

Channel Register. Writes to the DMA channel (DCH) 
register (figure 39) select one of the four DMA 
channels for programming and also the base/current 
registers. Reads of the DCH register return the cur- 
rently-selected channel and the register access mode. 

Count Registers. When bit 2 of the DCH register is 
cleared, a write to the DMA count register updates both 
the DMA base count (DBC) and the DMA current count 
(DCC) registers with a new count. If bit 2 of the DCH 
register is set, a write to the DMA count register affects 
only the DBC register. The DBC register holds the 
initial count value until a new count is specified. If 
autoinitialization is enabled, this value is transferred to 
the DCC register when a terminal count or END 
condition occurs. For each DMA transfer, the current 
count register is decremented by one. The format of 
the DMA count register is shown below. The count 
value loaded into the DBC/DCC registers is one less 
than the desired transfer count. 
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Address Register. Use either byte or word I/O in- 
structions with the lower two bytes (4H and 5H) of the 
DMA address register. However, byte I/O instructions 
must be used to access the high-order byte (6H) of this 
register. When bit 2 of the channel register is cleared, a 
write to the DMA address register updates both the 
DMA base address (DBA) and the DMA current address 
(DCA) registers with the new address. If bit 2 of the 
DCH register is set, a write to the DMA address register 
affects only the DBA register. 
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The DBA register holds the starting address value until 
a new address is specified. This value is transferred to 
the DCA register automatically if autoinitialization is 
selected. For each DMA transfer, the current address 
register is updated by two during word transfers and by 
one during byte transfers. 

Device Control Register. The DMA device control 
(DDC) register (figure 40) is used to to program the 
DMA transfer characteristics common to all DMA 
channels. It controls the bus mode, write timing, 
priority logic, and enable/disable of the DMAU. 

Status Register. The DMA status (DST) register (figure 
41) contains information about the current state of 
each DMA channel. Software can determine if a termin- 
ation condition has been reached (TC3-TC0) or if a 
DMA service request is present (RQ3-RQ0). The byte 
IN instruction must be used to read this register. 




Figure 37. Bus Waiting Operation 
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Figure 38. DMA initialize Command Register 
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Figure 39. DMA Channel Register 
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Figure 40. DMA Device Control Register 
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Wait Enable 
During VerifyO) 





Disable 










1 


Enable 



Note: 

[1] Disables BUSRQ to the BAU to prevent incorrect DMA 

operation while the DMAU registers are being initialized 

or modified. 
[2] When EXW is 0, the write signal becomes active [normal 

write] during T3 and TW [see timing waveforms]. When 1, 

the write signal becomes active during T2, T3, and TW [like 

the read signal]. 
[3] Wait states are generated by the READY signal during a 

verify transfer. 
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Figure 41. DMA Status Register 



OBH 


7 


6 


5 


4 


3 


2 


1 








83-001 860B 


RQ3 


RQ2 


RQl 


RQO 


TC3 


TC2 


TC1 1 TCo 


IN (Byte only) 












Terminal 
Count 





Not ended (for each read) 


1 


END or terminal 
count 




DMA 
Request 





No DMA request active 


1 


DMA request active 

















Mode Control Register. The DMA mode (DMD) register 
(figure 42) selects the operating mode for each DMA 
channel. The DCHregisterselectswhich DMD register 
will be accessed. A byte IN/OUT instruction must be 
used to access this register. 

Mask Register Read/Write. The DMA mask (DMK) 
register (figure 43) allows software to individually 
enable and disable DMA channels. The DMK register 
can only be accessed via byte I/O instructions. 

Reset 



Register 



Reset Value 



The falling edge of the RESET signal resets the 
/UPD70216. The signal must be held low for at least four 
clock cycles to be recognized as valid. 



CPU Reset State 
Register 


Reset Value 


PFP 

PC 

PS 


OOOOH 
OOOOH 
FFFFH 


SS 

DSO 

DS1 


OOOOH 
OOOOH 
OOOOH 


PSW 

AW, BW, CW, DW, 

IX, lY, BP, SP 


F002H 
Undefined 


Instruction queue 


Cleared 



When RESET returns to the high level, the CPU will 
start fetching instructions from physical address 
FFFFOH. 

Internal Peripheral Devices 

Internal peripheral devices initialized on reset are 
listed in the following table. I/O devices not listed are 
not initialized on reset and must be initialized by 
software. 



System 
I/O area 


OPCN 

OPSEL 

WCY1 


0000 

0000 

11111111 




WCY2 
TCKS 
RFC 


1111 

---00000 
X--01000 


SCU 


SMD 
SCM 
SIMK 


01001011 
--0000-0 

-11 




SST 
DCH 
DMD 


10000100 
---00001 
000000-0 


DMAU 


DDC (low) 
DDC (high) 
DST 


--00-0-- 

00 

xxxxOOOO 




DMK 


— 1111 




Symbols: x = unaffected; = cleared; 1 = set; (-) = unused. 

Output Pin Status 

The following table lists output pin status during reset. 



Signal 


Status 


INTAK, BUFEN, BUFR/W, 
MRD, MWR, END/TC, lOWR, lORD, 
REFRQ, UBE, BS2-BS0, BUSLOCK, 
RESOUT, DMAAK3-DMAAK0 


High level 


QSi-QSq, ASTB, HLDAK 


Low level 


Ai9-Ai6/PS3-PSo,TOUT2 


High or low level 


AD15-AD0 


High impedance 


CLKOUT 


Continues to supply clock 
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Figure 42. DMA Mode Register 



7 6 


5 


4 3 


2 1 








83-001 861 B 


OAH 1 TMODE 


1 ADIR 


AUTI 1 TDIR 1 - 1 W/B 












L 


^ 








. 


Word/byte 
transfer 





Byte 




1 


Word 


Transfer 
Direction 


00 


Verify 


01 


l/0-to-memory 




10 


Memory-to-l/0 


11 


Not allowed 


Auto- 
initialize 





Disable 








1 


Enable 




Address 
Direction 





Increment 










1 


Decrement 




Transfer 
Mode 


00 


Demand 


01 


Single 












10 


Block 




11 


Cascade 

























Figure 43. 


DMA Mask Register 
























7 6 


5 


4 


3 


2 


1 





IN/OUT (Byte only) 


83-003829 B 


OFH 1 - 1 - 






|m3 


M2 


Ml 


MO 
_J 










DMARQ 
Mask 





Not masked 






1 


Masked 
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Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
covertheseoperations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre- 
fetched and is present in the six-byte instruction 
queue. Otherwise, add four clocks for each pair of 
bytes not present. 

Word operands require four additional clocks for each 
transfer to an unaligned (odd-addressed) memory 
operand. These times are shown on the right-hand side 
of the slash (/). 

For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 



Symbol 


Meaning 


ace 


Accumulator (AW or AL) 


disp 


Displacement (8 or 16 bits) 


dmem 


Direct memory address 


dst 


Destination operand or address 


ext-disp8 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


farJabel 


Label within a different program 
segment 


far_proc 


Procedure within a different program 
segment 


fP-op 


Floating point instruction operation 


imm 


8- or 16-blt immediate operand 



Symbol 


Meaning 


imm3/4 


3/4-bit immediate bit offset 


imm8 


8-bit immediate operand 


imm16 


16-bit immediate operand 


mem 


Memory field (000 to 111); 
8- or 16-bit memory location 


mem8 


8-bit memory location 


memia 


16-bit memory location 


mem32 


32-bit memory location 


memptrie 


Word containing the destination address 
within the current segment 


memptr32 


Double word containing a destination 
address in another segment 


mod 


Mode field (00 to 10) 


nearJabel 


Label within the current segment 


near_proc 


Procedure within the current segment 


offset 


Immediate offset data (16 bits) 


pop_value 


Number of bytes to discard from the stack 


reg 


Register field (000 to 111); 

8- or 16-bit general-purpose register 


regS 


8-bit general-purpose register 


reg 16 


16-bit general-purpose register 


regptr 


16-bit register containing a destination 
address within the current segment 


regptr16 


Register containing a destination address 
within the current segment 


seg 


Immediate segment data (16 bits) 


short_label 


Label between -128 and +127 bytes from 
the end of the current instruction 


sr 


Segment register 


src 


Source operand or address 


temp 


Temporary register (8/16/32 bits) 


tmpcy 


Temporary carry flag (1 bit) 


AC 


Auxiliary carry flag 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


AND 


Logical product 


AW 


Accumulator (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


BP 


BP register 


BRK 


Break flag 


BW 


BW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 
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Flag Operations 



Symbol 


Meaning 


CW 


CW register (16 bits) 


CY 


Carry flag 


DH 


DW register (iiigli byte) 


DIR 


Direction flag 


DL 


DW register (low byte) 


DSO 


Data segment register (16 bits) 


DS1 


Data segment 1 register (16 bits) 


DW 


DW register (16 bits) 


IE 


Interrupt enable flag 


IX 


Index register (source) (16 bits) 


lY 


Index register (destination) (16 bits) 


MD 


Mode flag 


OR 


Logical sum 


P 


Parity flag 


PC 


Program counter (16 bits) 


PS 


Program segment register (16 bits) 


PSW 


Program status word (16 bits) 


R 


Register set 


S 


Sign extend operand field 
S = No sign extension 
S = 1 Sign extend immediate byte 
operand 


S 


Sign flag 


SP 


Stacl< pointer (16 bits) 


SS 


Stacl< segment register (16 bits) 


V 


Overflow flag 


W 


Word/byte field (0 to 1) 


X, XXX, YYY, ZZZ 


Data to identify the instruction code of the 
external floating point arithmetic chip 


XOR 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 


Z 


Zero flag 





Values in parentheses are memory contents 


"^ 


Transfer direction 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


- 


Division 


% 


Modulo 



Symbol Meaning 


(blank) No change 


Cleared too 


1 Set to 1 


X Set or cleared according to result 


u Undefined 


R Restored to previous state 


Memory Addressing Modes 


mem mod = 00 mod = 01 


mod = 10 


000 BW + IX BW 4- IX -h dispS 


BW-MX + disp16 


001 BW + lY BW + lY + dispS 


BW + lY + disp16 


010 BP + IX BP + IX + disp8 


BP + IX -h disp16 


Oil BP-KIY BP -h lY -h disp8 


BP -1- lY + disp16 


100 IX IX + disp8 


IX + disp16 


10! lY lY + disp8 


lY + disp16 


110 Direct BP-l-disp8 


BP + disp16 


111 BW BW-f-disp8 


BW + dispie 


Register Selection (mod = 11) 


reg W = 


W = l 


000 AL 


AW 


001 CL 


CW 


010 DL 


DW 


011 BL 


BW 


100 AH 


SP 


101 CH 


BP 


110 DH 


IX 


111 BH 


lY 


Segment Register Selection 


sr Segment Register 


00 DS1 


01 PS 


10 SS 


11 DSO 
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Instruction Set 


Mnemonic Operand 


7 6 5 4 3 2 1 


Opcode 
10 7 6 5 4 3 2 1 


1 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Data Transfer Instructions 



MOV 



reg, reg 




1 








1 





1 


w 


1 1 




reg 


reg 


2 


2 


mem, reg 




1 








1 








w 


mod 




reg 


mem 


7/11 


2-4 


reg, mem 




1 








1 





1 


w 


mod 




reg 


mem 


10/14 


2-4 


mem, imm 




1 1 











1 


1 


w 


mod 




reg 


mem 


9/13 


3-6 


reg, imm 




1 


1 


1 


w 




reg 












4 


2-3 


ace, dmem 




1 


1 














w 










10/14 


3 


dmem, ace 




1 


1 











1 


w 










9/13 


3 


sr, regie 




1 








1 




1 





1 1 





sr 


reg 


2 


2 


sr, memie 




1 








1 




1 





mod 





sr 


mem 


10/14 


2-4 


regie, sr 




1 








1 










1 1 





sr 


reg 


2 


2 


memie, sr 




1 








1 










mod 





sr 


mem 


8/12 


2-4 


DSO, regie, mem32 


1 1 
















1 


mod 




reg 


mem 


17/25 


2-4 


DS1, regie, 


mem32 


1 1 



















mod 




reg 


mem 


17/25 


2-4 


AH, PSW 




1 





1 


1 




1 


1 










2 


1 



PSW, AH 



MOVBK 



dst, src 



:mpbk 



dst, src 



iMPM 



dst 



10 11110 



1 1 1 W 




LDEA 


regie, memie 













1 


1 1 


mod 


reg 


mem 


4 


2-4 


TRANS 


src_tabie 




1 





1 





1 1 1 








9 


1 


XCH 


reg, reg 
















1 1 w 


1 1 


reg 


reg 


3 


2 




mem, reg 
















1 1 w 


mod 


reg 


mem 


13/21 


2-4 




AW, regie 










1 





reg 








3 


1 


Repeat Prefixes 


REPC 







1 


1 








1 1 








2 


1 


REPNC 







1 


1 








1 








2 


1 


REP 

REPE 

REPZ 




1 


1 


1 


1 





1 1 








2 


1 


REPNE 
REPNZ 




1 


1 


1 


1 





1 








2 


1 


Block Transfer Instructions 



1 

9 (9) + 8n (W = 0) 

9 (9) + 8n (W = 1, even addresses) 

9 (17) -I- len (W = 1, odd addresses) 

9 (13) -I- 12n (W = 1, odd/even addresses) 



1 1 1 1 W 



1 X X X X X X 

7 (13) + 14n (W = 0) 

7 (13) + 14n (W = 1, even addresses) 

7 (21) -I- 22n (W = 1, odd addresses) 

7 (17) + 18n (W = 1, odd/even addresses) 



1 1 1 1 1 W 



1 X X X X X X 

7 (7) -I- lOn (W = 0) 

7 (7) + lOn (W = 1, even addresses) 

7 (11) -t- 14n (W = 1, odd addresses) 
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Instruction Set (cont) 


Mnemonic Operand 


7 6 5 4 3 


Opcode 
2 10 7 


6 5 4 3 2 10 


Flags 
Clocks Bytes AC CY V P S Z 


Block Transfer Instructions (cont) 


LDM src 


10 10 1 


1 W 




1 
7 (7) + 9n (W = 0) 
7 (7) + 9n (W = 1, even addresses) 
7 (11) + 13n (W = 1, odd addresses) 


STM dst 


10 10 1 


1 w 




1 
5 (5) + 4n (W = 0) 
5 (5) + 4n (W = 1, even addresses) 
5 (9) + 8n (W = 1, odd addresses) 


n = number of returns 
String instruction execution ciocl<s for a single-instruction execution are in parentheses. 


I/O Instructions 


IN ace, imm8 


1110 


1 w 




9/13 2 


ace, DW 


1110 1 


1 w 




8/12 1 


OUT immS, ace 


1110 


1 1 w 




8/12 2 


DW, ace 


1110 1 


1 1 w 




8/12 1 


INIVl dst, DW 


110 1 


1 w 




1 
9 (10) + 8n (W = 0) 
9 (10) + 8n (W = 1, even addresses) 
9 (18) + 16n(W = 1, odd addresses) 


OUTIVI DW, src 


110 1 


1 1 w 




1 
9(10) + 8n(W = 0) 
9 (10) + 8n (W = 1, even addresses) 
9 (18) + 16n(W = 1, odd addresses) 


n = number of transfers 

String instruction execution clocl<s for a single instruction execution are in parentheses. 

Use the right side of the slash (/) for DMA I/O accesses. 


BCD Instructions 



ADJBA 










1 


1 





111 
















7 


1 


x 


X 


u 


u 


u 


u 


ADJ4A 










1 








1 1 1 
















3 


1 


X 


X 


u 


X 


X 


X 


ADJBS 










1 


1 




1 1 1 
















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4S 










1 







1 1 1 
















3 


1 


X 


X 


u 


X 


X 


X 


ADD4S 


dst, src 
















1 1 1 























7 + 19n 


2 


u 


X 


u 


u 


u 


X 


SUB4S 


dst, src 
















1 1 1 

















1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


CMP4S 


dst, src 
















1 1 1 














1 


1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


R0L4 


reg8 



1 




1 













1 1 1 

reg 











1 











13 


3 
















mem8 



mod 













1 1 1 
mem 











1 











25 


3-5 














R0R4 


reg8 



1 




1 













1 1 1 
reg 











1 





1 





17 


3 
















mem8 
















1 1 1 











1 





1 





29 


3-5 















mem 
n = number of BCD digits divided by 2 
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Instruction Set (cont) 


Mnemonic Operand 7 6 5 4 3 2 1 


Opcode 

7 6 5 4 3 2 





Clocks 


Bytes 


Flags 
AC CY V P S Z 


Data Type Conversion Instructions 


CVTBD 110 10 10 





10 





15 


2 


U U U X X X 


CVTDB 110 10 10 


1 


10 





7 


2 


U U U X X X 


CVTBW 10 110 









2 


1 




CVTWL 10 110 


1 






4/5 


1 




Arithmetic Instructions 



ADD 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 W 11 



reg 



reg 



W mod reg 



13/21 



2-4 



1 W 



mod 



reg 



10/14 2-4 



100000SW 11000 



reg 



3-4 



100000SW mod 000 



15/23 3-6 



1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 




X X X X X X 



ADDC 



reg, reg 



1 1 W 11 



reg 



reg 



X X X X X X 



mem, reg 



1 W mod reg 



13/21 2-4 



X X X X X X 



reg, mem 



1 1 W mod reg 



10/14 2-4 



X X X X X X 



reg, imm 



10 0000SW 11010 



reg 



3-4 



X X X X X X 



mem, imm 



100000SW mod 010 



15/23 3-6 



X X X X X X 



ace, imm 



1 1 W 



2-3 



X X X X X X 



SUB 



reg, reg 



1 1 1 W 11 



reg 



reg 



X X X X X X 



mem, reg 



1 1 W 



mod 



reg 



13/21 2-4 



X X X X X X 



reg, mem 



1 1 1 W mod reg 



10/14 



2-4 



X X X X X X 



reg, imm 



100000SW 11101 



reg 



3-4 



X X X X X X 



mem, imm 



100000SW mod 101 



15/23 3-6 



X X X X X X 



1 1 1 W 



2-3 



X X X X X X 



SUBC 



reg, reg 



mem, reg 



reg, mem 



1 1 1 W 11 



reg 



reg 



1 1 W 



mod 



reg 



13/21 



2-4 



1 1 1 W 



mod 



reg 



10/14 2-4 



X X X X X X 



X X X X X X 



X X X X X X 





reg, imm 



















s 


W 


1 1 





1 


1 


reg 


4 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 



















s 


W 


mod 





1 


1 


mem 


15/23 


3-6 


X 


X 


X 


X 


X 


X 




ace, imm 













1 







w 












4 


2-3 


X 


X 


X 


X 


X 


X 


INC 


regS 










1 




1 





1 1 











reg 


2 


2 


X 




X 


X 


X 


X 




mem 










1 




1 


w 


mod 











mem 


13/21 


2-4 


X 




X 


X 


X 


X 




reg 16 


















reg 














2 


1 


X 




X 


X 


X 


X 


DEC 


regS 










1 




1 





1 1 








1 


reg 


2 


2 


X 




X 


X 


X 


X 




mem 










1 




1 


w 


mod 








1 


mem 


13/21 


2-4 


X 




X 


X 


X 


X 




regie 













1 




reg 














2 


1 


X 




X 


X 


X 


X 


MULU 


reg 















1 


w 


1 1 


1 








reg 


21-30 


2 


u 


X 


X 


u 


u 


u 




mem 















1 


w 


mod 


1 








mem 


26-35 


2-4 


u 


X 


X 


u 


u 


u 
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Instruction Set (cont) 



Mnemonic 



7 6 5 4 3 2 1 



Opcode 

7 6 5 4 3 2 1 



Clocks Bytes 



Flags 
AC CY V P S Z 



Arithmetic Instructions (cont) 



MUL 



reg 



reg16,reg16,imm8 



reg16,mem16,imm8 



reg16,reg16,imm16 



CMP 



TEST 



reg, reg 



mem, reg 



AND 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1111011W 11101 



reg 



33-47 



1 1 1 1 1 1 W mod 1 1 



38-52 2-4 



110 10 11 11 



reg 



reg 



28-34 



110 10 11 



mod reg 



33-39 3-5 



110 10 1 11 



reg 



reg 



36-42 



1 1 W 11 



reg 



reg 



1 1 W mod 



reg 



9/13 



2-4 



1 1 W 11 



reg 



reg 



1 W mod 



reg 



13/21 



2-4 



1 1 W mod reg 



10/14 2-4 



1O0 0000W 11100 



reg 



3-4 



1 W mod 1 



15/23 3-6 



1 1 W 



2-3 



U X X u u u 



U X X u u u 



U X X u u u 



U X X u u u 



U X X u u u 



reg16,mem16,imm16 


1 


10 10 1 


mod 


reg 


mem 


41-47 


4-6 


u 


X 


X 


u 


u 


u 


DIVU reg 


1 1 


1 1 1 1 w 


1 1 


1 1 


reg 


19-25 


2 


u 


u 


u 


u 


u 


u 


mem 


1 1 


1 1 1 1 w 


mod 


1 1 


mem 


24-30 


2-4 


u 


u 


u 


u 


u 


u 


DIV reg 


1 1 


1 1 1 1 w 


1 1 


1 1 1 


reg 


29-43 


2 


u 


u 


u 


u 


u 


u 


mem 


1 1 


1 1 1 1 w 


mod 


1 1 1 


mem 


34-48 


2-4 


Lt 


u 


u 


u 


u 


u 


Comparison Instructions 



reg, reg 





1 


1 1 


1 w 


1 1 


reg 


reg 


2 


2 


X 


X 


X 


X 


X 


X 


mem, reg 





1 


1 1 


w 


mod 


reg 


mem 


10/14 


2-4 


X 


X 


X 


X 


X 


X 


reg, mem 





1 


1 1 


t w 


mod 


reg 


mem 


10/14 


2-4 


X 


X 


X 


X 


X 


X 


reg, imm 


1 








s w 


1 1 


1 1 1 


reg 


4 


3-4 


X 


X 


X 


X 


X 


X 


mem, imm 


1 








s w 


mod 


1 1 1 


mem 


12/16 


3-6 


X 


X 


X 


X 


X 


X 



ace, imm 


1 


1 1 1 W 








4 


2-3 


X X X X X X 


Logical Instructions 


NOT reg 


1 1 1 


1 1 1 W 


110 1 


1 


reg 


2 


2 




mem 


1 1 1 


1 1 1 W 


mod 1 


1 


mem 


13/21 


2-4 




NEG reg 


1 1 1 


1 1 1 W 


110 1 


1 1 


reg 


2 


2 


X X X X X X 


mem 


1 1 1 


1 1 1 W 


mod 1 


1 1 


mem 


13/21 


2-4 


X X X X X X 



u X X X 



u X X X 



reg, imm 


1 1 1 1 1 1 W 


110 


reg 


4 


3-4 


u X X X 


mem, imm 


1 1 1 1 1 1 W 


mod 


mem 


10/14 


3-6 


u X X X 


ace, imm 


1 1 1 W 






4 


2-3 


u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



OR 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 1 W 11 



reg 



reg 



1 W mod 



13/21 



2-4 



1 1 W mod reg 



10/14 2-4 



1000000W 11001 



reg 



3-4 



1000000W mod 001 



15/23 3-6 



1 1 W 



2-3 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 



u X X X 
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Instruction Set (cont) 



Mnemonic Operand 



7 6 5 4 3 2 1 



Opcode 

7 6 5 4 3 2 



1 Clocks 



Flags 
AC CY V P S Z 



Logical Instructions (cont) 



XOR 



reg, reg 








1 1 








1 w 


1 1 




reg 




reg 


2 


2 


u 








X 


X 


X 


mem, reg 








1 1 








w 


mod 




reg 




mem 


13/21 


2-4 


u 








X 


X 


X 


reg, mem 








1 1 








1 w 


mod 




reg 




mem 


10/14 


2-4 


u 








X 


X 


X 


reg, imm 


1 














w 


1 1 


1 


1 





reg 


4 


3-4 


u 








X 


X 


X 


mem, imm 


1 














w 


mod 


1 


1 





mem 


15/23 


3-6 


u 








X 


X 


X 





ace, imm 





1 








1 w 
















4 


2-3 


u 


X 


X 


X 


Bit IVIanipulation Instructions 




INS 


regS, reg8 




1 1 






reg 




1 1 1 
reg 








1 











1 


31-117/ 
35-133 


3 












regS, immS 




1 1 













1 1 1 
reg 








1 


1 








1 


31-117/ 
35-133 


4 










EXT 


regS, regS 




1 1 






reg 




1 1 1 
reg 








1 








1 


1 


26-55/ 
34-59 


3 












regS, immS 




1 1 













1 1 1 
reg 








1 


1 





1 


1 


26-55/ 
34-59 


4 










TEST1 


reg, CL 




1 1 













1 1 
reg 




















w 


3 


3 


u 


u 


u 


X 




mem, CL 



mod 













1 1 
mem 




















w 


7/11 


3-5 


u 


u 


u 


X 




reg, imm3/4 




1 1 













1 1 
reg 











1 








w 


4 


4 


u 


u 


u 


X 




mem, imm3/4 



mod 













1 1 
mem 











1 








w 


8/12 


4-6 


u 


u 


u 


X 


SET1 


reg, CL 




1 1 













1 1 
reg 














1 





w 


4 


3 












mem, CL 



mod 












1 1 
mem 














1 





w 


10/18 


3-5 












reg, imm3/4 




1 1 












1 1 
reg 








1 


1 


1 





w 


5 


4 












mem, imm3/4 



mod 













1 1 
mem 








1 


1 


1 





w 


11/19 


4-6 












CY 


1 1 


1 


1 


1 ( 


] 1 
















2 


1 


1 










DIR 


1 1 


1 


1 




1 
















2 


1 










CLR1 


reg, CL 




1 1 












1 1 
reg 








1 








1 


w 


5 


3 












mem, CL 



mod 












1 1 
mem 








1 








1 


w 


11/19 


3-5 












reg, imm3/4 




1 1 












1 1 1 
reg 


q 








1 





1 


w 


6 


4 












mem, imm3/4 



mod 












1 1 
mem 








1 


1 





1 


w 


12/20 


4-6 












CY 


1 1 


1 


1 


1 ( 


) 
















2 


1 













DIR 


1 1 


1 


1 





















2 


1 
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Instruction Set (cont) 



Mnemonic 



7 6 



Opcode 
543210 765432 10 Clocks Bytes 



AC CY V P S Z 



Bit Manipulation Instructions (cont) 



N0T1 


reg, CL 




1 1 










1 






1 

reg 


1 








1 





1 1 w 


4 


3 
















mem, CL 



mod 










1 




1 1 1 

mem 








1 





1 1 w 


10/18 


3-5 
















reg, imm3/4 




1 1 










1 






1 
reg 


1 








1 


1 


1 1 w 


5 


4 
















mem, imm3/4 




mod 










1 




1 1 1 

mem 








1 


1 


1 1 w 


11/19 


4-6 
















CY 


1 1 


1 


1 










1 












2 


1 




X 










Shift/Rotate Instructions 


SHL 


reg, 1 


















w 












reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


















w 


mod 










mem 


13/21 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 















1 


w 












reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 















1 


w 


mod 










mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


















w 












reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, immS 


















w 


mod 










mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


SHR 


reg, 1 


















w 











reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


















w 


mod 









mem 


13/21 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 















1 


w 











reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 















1 


w 


mod 









mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


















w 











reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


















w 


mod 









mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


SHRA 


reg, 1 


















w 










reg 


2 


2 


u 


X 





X 


X 


X 




mem, 1 


















w 


mod 








mem 


13/21 


2-4 


u 


X 





X 


X 


X 




reg, CL 















1 


w 










reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 















1 


w 


mod 








mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


















w 










reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 



















w 


mod 








mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


ROL 


reg, 1 


















w 













reg 


2 


2 




X 


X 










mem, 1 


















w 


mod 











mem 


13/21 


2-4 




X 


X 










reg, CL 















1 


w 













reg 


7 + n 


2 




X 


u 










mem,CL 















1 


w 


mod 











mem 


16/24 + n 


2-4 




X 


u 










reg, imm 



















w 













reg 


7 + n 


3 




X 


u 










mem, imm 



















w 


mod 











mem 


16/24 + n 


3-5 




X 


u 








ROR 


reg,1 


















w 












reg 


2 


2 




X 


u 










mem, 1 


















w 


mod 










mem 


13/21 


2-4 




X 


X 










reg, CL 















1 


w 












reg 


7 + n 


2 




X 


u 










mem, CL 















1 


w 


mod 










mem 


16/24 + n 


2-4 




X 


u 










reg, imm8 



















w 












reg 


7 + n 


3 




X 


u 










mem, imm8 



















w 


mod 










mem 


16/24 + n 


3-5 




X 


u 









n = number of shifts 
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Instruction Set (cont) 



Mnemonic Operands 



Opcode 
7 6 5 4 3 2 10 7 



5 4 3 2 10 Clocks Bytes AC CY V P S Z 



Shift/Rotate Instructions (cont) 



ROLC 



reg, 1 


1 1 


1 W 


1 1 








reg 


2 


2 


X X 


mem, 1 


1 1 


1 w 


mod 








mem 


13/21 


2-4 


X X 


reg, CL 


1 1 


1 1 w 


1 1 








reg 


7 + n 


2 


X u 


mem, CL 


1 1 


1 1 w 


mod 








mem 


16/24 + n 


2-4 


X u 


reg, imm8 


1 1 


w 


1 1 








reg 


7 + n 


3 


X u 



mem, imm8 



1100000W mod 010 



16/24 -hn 3-5 



RORC 



reg, 1 


1 1 


1 








w 


1 1 


1 


reg 


2 


2 


X X 


mem, 1 


1 1 


1 








w 


mod 


1 


mem 


13/21 


2-4 


X X 


reg, CL 


1 1 


1 








1 w 


1 1 


1 


reg 


7-fn 


2 


X u 


mem, CL 


1 1 


1 








1 w 


mod 


1 


mem 


16/24 + n 


2-4 


X u 


reg, imm8 


110 











w 


1 1 


1 


reg 


7 + n 


3 


X u 


mem, imm8 


1 1 











w 


mod 


1 


mem 


16/24 + n 


3-5 


X u 




n = number of shifts 



Stack Manipulation Instructions 



PUSH 



mem16 



11111111 



mod 1 1 



15/23 



2-4 



regie 



10 10 



reg 



6/10 



sr 110 



6/10 



PSW 



10 1110 



6/10 



110 



33/65 



1 



imm 



1 1 1 S 



5-6/9-10 2-3 



POP 



mem16 



reg 16 



PSW 



10 1111 



mod 



16/24 



2-4 



10 11 



reg 



8/12 



sr 111 



8/12 



10 1110 1 



8/12 



R R R R R R 



R 





10 1 43/75 


1 


PREPARE imm16, imm8 


1 


10 

*lmm8 = 0:12 

imm8>1 :17 + 8(imm8-1) 


4 


DISPOSE 


1 


10 1 6/10 


1 


Control Transfer Instructions 



CALL 



RET 



near_proc 


1 1 1 





















16/20 


3 


regptr 


1 1 1 


1 




1 1 


1 


1 1 


1 





reg 


14/18 


1 


memptr16 


1 1 1 


1 




1 1 


1 


mod 





1 


mem 


23/31 


2-4 


far_proc 


10 


1 




1 













21/29 


5 


memptr32 


111 


1 




1 1 


1 


mod 





1 1 


mem 


31/47 


2-4 




1 1 








1 


1 










15/19 


1 


pop_value 


110 








1 













20/24 


3 




1 1 





1 


1 


1 










21/29 


1 



pop_value 



110 10 10 



24/32 
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Instruction Set (cont) 



Mnemonic Operands 



Opcode 
76543210 76543210 



Clocks 



Flags 
Bytes AC CY V P S Z 



Control Transfer Instructions (cont) 



BR 


nearJabel 


1 1 





















13 


3 






shortJabel 


1 1 





















12 


2 






reg 


1 1 








1 






1 1 


10 reg 


11 


2 






memptr16 


1 1 








1 






mod 


1 mem 


19/23 


2-4 






farJabel 


1 1 




















15 


5 






meniptr32 


1 1 








1 






mod 


1 1 mem 


26/34 


2-4 




BV 


nearJabel 


1 






















14/4 


2 




BNV 


nearJabel 


1 





















14/4 


2 




BCBL 


nearJabel 


1 





















14/4 


2 




BNC, BNL 


nearJabel 


1 




















14/4 


2 




BE.BZ 


nearJabel 


1 









1 












14/4 


2 




BNE, BNZ 


nearJabel 


1 









1 











14/4 


2 




BNH 


nearJabel 


1 









1 











14/4 


2 




BH 


nearJabel 


1 









1 










14/4 


2 




BN 


nearJabel 


1 





















14/4 


2 




BP 


nearJabel 


1 




















14/4 


2 




BPE 


nearJabel 


1 




















14/4 


2 




BPO 


nearJabel 


1 



















14/4 


2 




BLT 


nearJabel 


1 








1 












14/4 


2 




BGE 


nearJabel 


1 








1 











14/4 


2 




BLE 


nearJabel 


1 








1 











14/4 


2 




BGT 


nearJabel 


1 








1 










14/4 


2 




DBNZNE 


nearJabel 


1 1 























14/5 


2 




DBNZE 


nearJabel 


1 1 






















14/5 


2 




DBNZ 


nearJabel 


1 1 






















13/5 


2 




BCWZ 


nearJabel 


1 1 





















13/5 


2 




Interrupt Instructions 


BRK 


3 


1 1 








1 


1 












38/50 


1 






imm8 


11 








1 


1 





1 






38/50 


2 




BRKV 


imniS 


1 1 








1 


1 


1 


1 






40/3 


1 




RET! 




1 1 








1 


1 


1 









27/39 


1 R R 


R R R R 



CHKIND 


regis, mem32 





1 1 











1 





mod 


reg mem 


52-55/ 
17-25 


2-4 


BRKEIVI 


imm8 











1 


1 


1 


1 


1 1 


111111 


38/50 


3 


CPU Control instructions 


HALT 




1 


1 1 


1 





1 












2 


1 


BUSLOCK 




1 


1 1 


1 


















2 


1 


FP01 


fp_op 


1 


1 


1 


1 


X 


X 


X 


1 1 


Y Y Y Z Z Z 


2 


2 




fp_op, mem 


1 


1 


1 


1 


X 


X 


X 


mod 


Y Y Y mem 


10/14 


2-4 


FP02 


fp-op 





1 1 








1 


1 


X 


1 1 


Y Y Y Z Z Z 


2 


2 




fp_op, mem 





1 1 








1 


1 


X 


mod 


Y Y Y mem 


10/14 
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Instruction Set (cont) 


Mnemonic Operand 7 


6 


5 


Opcode 
43210 76543210 Clocks 


Bytes 


Flags 
AC CY V P S Z 


CPU Control Instructions (cont) 


POLL 1 








110 11 2 + 5n 
n = number of times POLL pin is sampled. 


1 




NOP 1 








10 3 


1 




Dl 1 


1 


1 


110 10 2 


1 




El 1 


1 


1 


110 11 2 


1 




DSO:, DS1:, PS:, SS: 
(segment override prefixes) 





1 


seg 1 1 2 


1 




8080 Instruction Set Enhancements 


RETEM 1 


1 


1 


110 1 1111110 1 27/39 


2 


R R R R R R 


CALLN immS 1 


1 


1 


01101 11101101 38/58 


3 
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PRELIMINARY INFORMATION 



//PD70616 (V60 ") 
32-BIT VIRTUAL MEMORY 
CMOS MICROPROCESSOR 



Description 

The//PD70616 (V60) is a high-performance, second- 
generation 32-bit microprocessor designed for a wide 
range of applications including personal computers, 
engineering workstations, and industrial controllers. 
The V60 includes advanced features such as thirty-two 
32-bit general-purpose registers and a powerful instruc- 
tion set optimized for high-level languages and 
operating systems such as UNIX™ and MS-DOS®. The 
on-chip demand-paged memory management and float- 
ing point units further increase performance and design 
flexibility. 

Performance in theA<PD7061 6 is enhanced by pipelining 
internal operations such as instruction prefetch, instruc- 
tion decode, address translation, and instruction 
execution. Software development and debugging is 
fully supported by instruction breakpoints, single-step 
traps, and address traps. Emulation mode allows porting 
of /7PD70108//;PD70116 application software to run 
without modification and with the full protection of the 
demand-paged virtual memory system. The ability to 
execute software from the large established base of 
//PD70108/yuPD70116 applications under a host 
operating system such as UNIX provides an upgrade 
path from 16-bit architectures yet preserves existing 
software investments. 

Features 

D 32-bit high-performance CMOS microprocessor 

D Thirty-two 32-bit general-purpose registers 

D On-chip demand-paged memory management unit 

— 4-gigabyte virtual address space 

— 2-level translation scheme (area/page) 

— 4 levels of protection 

— 16-megabyte physical address space 

— 16 entry translation lookaside buffer (TLB) 
D Supported data types include 

— 8-, 16-, 32-, 64-bit integers 

— 32-, 64-bit floating point 

— 8-, 16-bit characters 

— Bit, bit field and bit string 

D 21 powerful addressing modes plus bit addressing 
D Context switching and operating system support 
D V20™/V30™ emulation mode 
D Flexible hardware debugging support 

— Breakpoints 

— Instruction trace 

— Address traps 

D Functional redundancy monitor (FRM) 



Ordering Information 



Part Number 


Package Maximum Frequency 


A/PD70616R 


68-pin PGA 16 MHz 


Pin Identification 


Symbol 


Function 


A23-A0 


24-bit address bus output 


D15-D0 


16-bit data bus I/O 


ST2-ST0 


Bus status output 


MRQ 


Memory request output 


R/W 


Read/write output 


DS 


Data strobe output 


BCY 


Bus cycle output 


DL1-DL0 


Data length output 


FAS 


First data access output 


UBE 


Upper byte enable output 


READY 


Ready input 


BMODE 
(FRM) 


Bus mode input 
Functional redundancy monitor 


BLOCK 


Bus lock output 


(MSMAT) 


Mismatch 


BERR 


Buserrorinput 


BFREZ 


Bus freeze input 


RT/EP 


Retry/exception input 


NMI 


Non-maskable interrupt input 


INT 


Interrupt input 


HLDRQ 


Hold request input 


HLDAK 


Hold acknowledge output 


CPBUSY 


Coprocessor busy input 


RESET 


Reset input 


CLK 


Clock input 


Vdd 


Power 


GND 


Ground 




UNIX Is a trademark of AT&T Bell Labs. 

MS-DOS is a registered trademark of Microsoft Inc. 

V20, V30, and V60 are trademarks of NEC Corporation. 
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Pin Configuration 



Bottom View 



/ 




o o 


o o o o o o o 


o o o 


oooooooo 


o o 


o o 


o o 


o o 


o o 


o o 


o o 


o o 


o o 


o o 


o o 


o o 


o o 


o o 


ooooooooo o o 


ooooooooo 



Top View 



o 



Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


A2 


Dl 


89 


Di3 


F10 


R/W 


K4 


As 


A3 


D3 


810 


D15 


F11 


CLK 


K5 


Aio 


A4 


Ds 


811 


HLDRQ 


G1 


ST2 


K6 


GND 


AS 


D7 


CI 


DL1 


G2 


Vdd 


K7 


Ai3 


A6 


D9 


C2 


DLO 


G10 


Vdd 


K8 


Ais 


A7 


Dl1 


CIO 


8FREZ 


Gil 


iURQ 


K9 


Al7 


AS 


Di2 


C11 


RT/EP 


HI 


ST1 


K10 


A20 


A9 


Di4 


D1 


INT 


H2 


STO 


K11 


Ai9 


A10 


HLDAK 


D2 


NMi 


H10 


Dbe 


L2 


A3 


B1 


Do 


D10 


8ERR, RT/EP 


H11 


A23 


L3 


As 


82 


RESET 


D11 


READY 


J1 


Ao 


L4 


A7 


B3 


D2 


El 


CP8USY 


J2 


Ai 


L5 


A9 


84 


D4 


E2 


FAS 


J10 


A22 


L6 


A11 


85 


D6 


E10 


BCY 


J11 


A21 


L7 


A12 


86 


Ds 


Ell 


DS 


K1 


A2 


L8 


Ai4 


87 


D10 


F1 


BLOCK 


K2 


A4 


L9 


A16 


B8 


GND 


F2 


8M0DE 


K3 


Ae 


L10 


A18 
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Block Diagram 



Instruction 
Prefetch 
Queue 



c 



Instruction 
Decoder 



> 



Effective Address 
Generator 



7\ 



:> 



Translation 

Looltaside 

Buffers 



> 



Data Bus 
Interface 



<=^ 



Decoded 

Instruction 

Queue 



Microinstruction 
Sequencer 



Microinstruction 
ROM 



E^ 



> 



Address Bus 
Interface 



:> 



Tl 



Barrel 
Shifter 



Bus Control 


<^> 


Interrupt Logic 






Coprocessor 
Interface 






Bus Fault 
Control 








Bus Request 
Logic 







ST2-ST0, MRQ 
DL1-DL0, BLOCK 
R/W , BCY, UBE 
FAS, DS, BMODE 

INT, NMJ 



BERR RT/EP 
BFREZ 



-^ HLDRQ, HLDAK 



Applications 

V60 CPU Design Example 1 



ffl 



Clock 

Generator 

D71611 



V60 

CPU 

//PD70616 



System 

Controller 

D71613 



Interrupt 

Controller 

D71059 



o 



\Z 



Address 24-Bit 



sz 



IZ. 



Cache 
Controller 



o 



:> 



Cache 
Memory 



Signal 
Processor 



o 



Main 
Memory 



/^ N Graphic 

<' y Display 

N 1/ Controlle 



LAN 

Controller 

D72105 



C^ 



Disk 
Controller 
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PRELIMINARY INFORMATION 



//PD72191 

FLOATING POINT 

PROCESSOR 



Description 

The yuPD72191 is a high-performance, low-power 
CIVIOS floating point processor (FPP) for the NEC V20- 
V50 microprocessors. TheAfPD72191 uses innovative 
architecture and a powerful instruction set to enhance 
the performance of V20-V50 microprocessors in com- 
putationally-intensive applications such as graphics 
and scientific data processing. A powerful set of 
arithmetic, transcendental, and processor control 
instructions increases performance and decreases code 
size, yet maintains code compatibility. 

Hardware features such as dual data buses, barrel 
shifter, and normalization logic contribute significantly 
to the //PD72191 throughput. The /;PD72191 can 
operate in either the V20/V30 or V40/V50 mode, elimi- 
nating the need for external logic. 

The /yPD721 91 's low-power CMOS technology makes 
high-performance numeric calculation in portable 
scientific applications realizable for the first time. 

Features 

D High-performance floating point processor for 

V20-V50 microprocessors 
D Conforms to the IEEE 754 floating point standard 
D Seven hardware-supported data types 

— 16-, 32-, and 64-bit binary integer 

— 32-, 64-, and 80-bit binary floating point 

— Packed decimal 

D Complete set of transcendental functions 

— Exponential 

— Logarithmic 

— Trigonometric and inverse trigonometric 

— Hyperbolic 

n High-speed exponent and mantissa ALUs 

D Barrel shifter and normalization logic 

D Built-in exception handling 

D MODE pin selects V20/V30 or V40/V50 systems 

D Low-power CMOS technology 



Orderin 


g Information 




Part 
Number 


Package 
Type 


Maximum Frequency 
of Operation 


;uPD72191D 


40-pin ceramic DIP 


8 MHz 



Pin Configuration 






MODE/BUFENC 1 ^ 


>* 40 


D Vdd 


AD14C 


2 


39 


3 AD15 


AD131: 


3 


38 


H A16/PS0 


AD12I: 


4 


37 


3 A17/PS1 


AD11C 


5 


36 


H A18/PS2 


AD10 C 6 


35 


H A19/PS3 


AD9C 


7 


34 


:]UBE 


AD8 C 8 


33 


H RQ/AK1 (HLDAK) 


AD7C: 9 


32 


Dint 


ADeC 


10 


!; 31 


H RQ/AKO (HLDRQ) 


AD5C 


11 


a 30 


D (BUFR/W) 


AD4II 


12 


=^ 29 


3 (ASTB) 


AD3C 


13 


28 


IIBS2 


AD2 C 


14 


27 


::iBSi 


AD1 C 


15 


26 


H BSo 


ADoC 


16 


25 


DOSo 


(MRD)C 17 


24 


Dqsi 


(MWR) C 


18 


23 


3 BUSY 


CLK C 19 


22 


H READY 


GND C 20 


21 


H RESET 








83-003060A 




Pin Identification 



Symbol 


Direction 


Function 


A19-A16/ 
PS3-PS0 


In/Out 


Multiplexed address/processor 
status bus 


A15-AD0 


In/Out 


Multiplexed address/data bus 


AD15-A8 


Out 


Address bus 


ASTB 


Out 


Address strobe 


BS2-BS0 


In/out 


Bus status 


BUFR/W 


Out 


Buffer read/write 


BUSY 


Out 


Execution unit busy 


RQ/AKO, 
RQ/AK1 


In/Out 


Request/acknowledge 0, 1 


HLDAK 


In 


Hold acknowledge 


HLDRQ 


Out 


Hold request 


READY 


In 


Ready 


RESET 


In 


Reset 


CLK 


In 


CPU clock 


GND 




Ground 


Vdd 




+5 V power supply 


MWR 


Out 


Memory write strobe 


MRD 


Out 


Memory read strobe 


UBE 


In/Out 


Upper byte enable 


INT 


Out 


Interrupt request 


QS1-QS0 


In 


CPU queue status 


MODE/BUFEN 


In/Out 


Mode select/external data buffer enable 


NC 




Not connected 
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Operating Mode Pin Configurations 

The A<PD72191 assumes one of four possible pin 
configurations depending on the processor used within 
the system. When used in the V20/V30 mode, the 
^jPD721 91 uses the bus status outputs and an external 
/WPD71088 bus controller to generate the memory 
read/write and address strobe signals. This mode also 
selects the same bus request protocol as the maximum 
mode V20/V30 microprocessors. 



Figure 1. Pin Configuration for V20 Mode 
(/JPD70108 Microprocessor) 



When used in the V40/V50 mode, the A/PD72191 will 
directly generate the control signals for external bus 
transceivers, memory read/write, and address strobe 
outputs. In addition, the //PD72191 will select the 
HLDRQ/HLDAK protocol used by the V40/V50 micro- 
processors. 

Pin 34 is used to select operation with either an 8- or 
16-bit bus system. Figures 1 through 4 show the pin 
configurations for the //PD72191 floating point 
processor. 

Figure 3. Pin Configuration for V40 Mode 
(/JPD70208 Microprocessor) 













gndC 


1 ^ 


-^ 40 


H Vdd 


AuC 


2 


39 


D Al5 




A13C 


3 


38 


J A16/PS0 




A12C 


4 


37 


3 A17/PS1 




A11C 


5 


36 


H A18/PS2 




A10C 


6 


35 


3 A19/PS3 




A9C 


7 


34 


J (High) 




AsC 


8 


33 


3 RQ/AK1 




AD7C 


9 


32 


3 INT 




ADslI 


10 S 31 


H RQ/AKO 




AD5C 


11 a 30 


3nc 




AD4C 


12 


=^ 29 


Dnc 




AD3C 


13 


28 


DBS2 




AD2C 


14 


27 


Hbsi 




ADiC 


IS 


26 


3bso 




ADoC 


16 


25 


Hqso 




NCC 


17 


24 


Dqsi 




NCC 


18 


23 


Dbusy 




clkC 


19 


22 


2 READY 




gndC 


20 


21 


3 RESET 
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MODE/BUFEN C 


1 '^ 


■^ 40 3 Vdd 


A14C 


2 


39 


3 Am 




A13C 


3 


38 


3 A16/PS0 




A12C 


4 


37 


3 A17/PS1 




A11C 


5 


36 


3 A18/PS2 




A10C 


6 


35 


3 A19/PS3 




A9C 


7 


34 


3 (High) 




AbC 


8 


33 


3 HLDAK 




AD7C 


9 


32 


3 INT 




ADe C 


10 5 31 


3 HLDRQ 




AD5C 


11 g 30 


3 BUFR/W 




ADaC 


12 


=^ 29 


Dastb 




AD3C 


13 


28 


I1BS2 




AD2 C 


14 


27 


hbsi 




ADi C 


15 


26 


3bSo 




ADoC 


16 


25 


Hqso 




mrdC 


17 


24 


Dqsi 




mwrC 


18 


23 


Dbusy 




clkC 


19 


22 


3 READY 




gndC 


20 


21 


3 RESET 


83-003554A 











Figure 2. Pin Configuration for V30 Mode 
(/JPD70116 Microprocessor) 



Figure 4. Pin Configuration for VSO Mode 
(fjiPD70216 Microprocessor) 



GNDC 


1 ^ 


y 40 


D Vdd 




AD14C 


2 


39 


3ADi5 




AD13C 


3 


38 


3 A16/PS0 




ADizC 


4 


37 


3 A17/PS1 




ADnC 


5 


36 


3 A18/PS2 




AD10C 


6 


35 


3 A19/PS3 




AD9C 


7 


34 


3UBE 




ADgC 


8 


33 


DRQ/AKI 




AD7C 


^ S, 


32 


H INT 




ADeC 


10 S 31 


D RQ/AKO 




ADsC 


11 g 30 


3 NC 




AD4C 


12 "^ 29 


Unc 




AD3C 


13 


28 


I1BS2 




AD2C 


14 


27 


DBSi 




ADiC 


15 


26 


Hbso 




ADoC 


16 


25 


Hqso 




NCC 


17 


24 


3QSi 




NCC 


18 


23 


3 BUSY 




CLKC 


19 


22 


3 READY 




gndE 


20 


21 


3 RESET 
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MODE/BUFEN C 


1 ^ 


-^ 40 


3 Vdd 




AD14C 


2 


39 


I] AD15 




AD13C 


3 


38 


H A16/PS0 




AD12C 


4 


37 


3 A17/PS1 




AD11C 


5 


36 


3 A18/PS2 




AD10C 


6 


35 


3 A19/PS3 




Ab9C 


7 


34 


DUBE 




ADs C 


8 


33 


H HLDAK 




AD7 c 


' 5 '' 


I] INT 




ADsC 


10 S 31 


D HLDRQ 




AD5C 


11 g 30 


3 BUFR/W 




AD4 C 


12 


a. 29 


H ASTB 




AD3C 


13 


28 


IIBS2 




AD2C 


14 


27 


Hbsi 




ADi C 


15 


26 


3bso 




ADqC 


16 


25 


DQSo 




mrdC 


17 


24 


DOS1 




mwrC 


18 


23 


Hbusy 




clkC 


19 


22 


H READY 




gndC 


20 


21 


3 RESET 


83-003555A 
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Block Diagram 













16, 












i ! 
















Address/Data 
Buffers 


AD15-AD0 
A19-A16 


16, 

Su 
Bu 








Communication Register 






Jb 1 

LIS 1 






* * 


















Barrel Sliifter 














Command Word 


























- instruction Queue 




Queue Control 


■• QS1-QS0 






1 
\ EAU / 1 \ MAU / 




Status Word 


Program Counter 




1 








Operand Pointer 




\ 




/ 




Instruction Decode 




Bus 
Controller 


■a CLK 

M RESET 

■« READY 

■* •■ BS2-BS0 

4 • RQ/AK1 

[HLDAK] 
4 — »- RQ/AKO 

[HLDRQ] 

»■ INT 

•■ BUSY 

•■ ASTB 

»■ BUFR/W 

- — »■ USE 

•• — »- MODE/BUFEN 

». MRD 

». MWR 


II 1 


' i ' V 


Opcode Pointer 




1 










, 










Temporary Register 




































Microinstruction 
Sequencer 










'16. 

b M 
s B 






- Floating Point Data Registers - 




'74, 

n 8 
s a 






: Tag : 
; Registers ; 




Microinstruction ROM 






- 






1 














Constant ROM 






aln 
us 




* 




Exponent Unit | IVIantissa Unit 
Execution Unit 


74, 

Ma 
Bu 








Interface Unit 
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Section 4 — NMOS Microprocessors 

//PD780 High-Performance CP/M® - Compatible 8-Bit 

IVIicroprocessor 4-3 

//PD8085A/AH 8-Bit, Single-Chip Microprocessors 4-27 

//PD8086 16-Bit Microprocessor 4-47 

//PD8088 High-Performance 8-Bit Microprocessor 4-59 

CP/M is a registered trademarl< of Digital Research Inc. 
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/iPD780 

HIGH-PERFORMANCE 

CPIM®-COMPATIBLE NMOS 

8-BIT MICROPROCESSOR 



Description 

The /iPD780 is a microprocessor that utilizes a highiy 
consistent architectural organization, a comprehen- 
sive instruction set that is a superset of the industry- 
standard 8080A instruction set, and third-generation 
technology, to provide a flexible, high-performance, ef- 
ficient CPU easily adaptable to a very broad range of 
industrial and commercial applications. 

All software developed on BOBOA-based systems may 
be run on 7B0-based systems as a subset of the full 
7B0 instruction set. In addition, the NECpjRDZBO is ful- 
ly pin-compatible and software-compatible with the 
Z80® microprocessor and is therefore perfectly suited 
for CPIM® designs. The N EC mPD7B0 provides system 
designers with powerful, wide-range logic capability 
that requires minimal additional circuitry to complete 
a microcomputer system. 

The output signals of the j:iPD7B0 are fully decoded 
and signal timing is fully compatible with industry- 
standard memory and peripheral devices. Two faster 
versions of the basic jiPD7B0 (2.5 IVlHz master clock 
rate) are offered by the /iPD780-1 (4 MHz master clock 
rate) and the jiPD7B0-2 (6 MHz master clock rate). 
Other than clock rates, all three versions are identical. 

Features 

n Powerful, wide-range logic capability requiring 

minimal support circuitry 
D Fully ZBO® -compatible 

D Industry-standard BOBOA software compatibility 
D CP/M® -compatible 
D Comprehensive, powerful instruction set featuring 

15B instruction types 
n Vectored, multilevel interrupt structure 
n Highly consistent architectural structure featuring 

dual register set 
D Foreground/background programming 
D Automatic refreshing of external dynamic memory 
D Signal timing compatible with industry-standard 

memory and peripheral devices 
D TTL-compatible signals 
D Single-phase +5 V clock and -i-5 V DC power 

supply 

^ Z80 is a registered trademark of Zilog, Inc. 

^ CP/M is a registered trademark of Digitai Research Corporation. 



Pin Configuration 



A11 C 

A12C 

A13C 

A14C 

A15 

+ 1: 

D4C 

D3I: 

DsC 

DeC 

+ 5VC 

D2C 
D7C 

DoC 

_DiC 

INTC 

NMi C 

HALTC 

mrIqc 

iORQC 



C 5 



33 



31 



40 D A10 
39 3 A9 
38 J As 
37 3 A7 
36 3 Ae 
35 H As 
34 3 A4 

H A3 

3 A2 

3 A1 
30 3 Ao 
29 3 GND 
28 3 RFSiH 
27 3 M1 
26 3 RESff 
25 3 BUSRQ 
24 3 WAIT 
23 D BUSAK 
22 3 WR 
21 3 RD 




Ordering information 




Part 
Number 


Package IVpe 


Max Frequency 
of Operation 


HPD780C 


40-pin plastic DiP 


2.5 MHz 


HPD780C-1 


40-pin piastic DIP 


4 MHz 


HPD780C-2 


40-pin plastic DIP 


6 MHz 
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Pin Identification 




No. 


Symbol 


Function 


1-5, 
30-40 


Ao-Al5 


Three-state address bus 
(output) 


6 


■t- 


Clock input 


7-10, 
12-15 


D0-D7 


Three-state, I/O data bus 


11 


+ 5V 


Power supply 


16 


INT 


Interrupt request Input 


17 


NMl 


Non-maskable Interrupt Input 


18 


HALT 


Halt state Input 


19 


MREQ 


Memory request output 


20 


lORQ 


I/O request output 


21 


RD 


Read output 


22 


WR 


Write output 


23 


BUSAK 


Bus acknowledge output 


24 


WAIT 


Walt state Input 


25 


BUSRQ 


Bus request Input 


26 


RESET 


Reset input 


27 


Mi 


Machine cycle 1 


28 


RFSH 


Refresh output 


29 


GND 


Ground 



Pin Functions 

A0-A15 (Address Bus) 

16-bit, three-state output address bus. During refresii 
operations, lines Aq-Aq output tiie external memory 
address. 

D0-D7 (Data Bus) 

8-blt, three-state I/O data bus. 

NMl (Non-Maskable Interrupt) 

This active low input line is used for non-maskable 
interrupts. A non-maskable interrupt is always 
acknowledged at the end of the current instruction, 
regardless of whether the interrupt e nable fli p flop has 
been turned on, except when the BUSRQ s ignal is 
asserted. Because of the higher priority o f the BUSRQ 
signal, it is acknowledged before the NIVII signal. 
When NIVII is acknowledged, program execution 
automatically restarts from location 0066H. 



INT (Interrupt Request) 

This active low input line is used for interrupt requests 
by external I/O devices. Interrupts are serviced upon 
completion of the current instruction if the interrupt 
enable flip flop has been turned on by the software. 
There are three interrupt response modes: the mode 
response is equivalent to an 8080 interrupt response; 
mode 1 uses location 0038H as a restart address; and 
mode 2 is a simple vectoring to an interrupt service 
routine that can be located anywhere in memory. 



BUSRQ (Bus Request) 

This active low input signal is used to place the data 
bus, address bus, and a ll thre e-state bus control 
signals (WR, RD, lORQ, and MREQ) in a high- 
impedance state to all ow a re questing device to 
assume bus control. The BUSRQ signal has a higher 
priority than the NMl signal and is always honored at 
the end of the current machine cycle. 

Excessive DMA o perations resulting in long periods 
in which BUSRQ is asserted can impair the CPU's 
ability t o adequately refresh the dynamic RAMs. Also, 
BUSRQ does not have an internal pull-up resistor. For 
input signals to this pin in a wire-OR'ed configuration, 
an external pull-up resistor should be used. 



BUSAK (Bus Acknowledge) 

This active low output line is used to inform the device 
requesting bus control that the data bus, a ddress bus, 
and al l three-state bus controls (WR, RD, lORQ, and 
MREQ) are in a high-impedance state and the re- 
questing device can now assume control. 

WR (Write) 

This three-state active low output is used to strobe 
data from the data bus to external memory or I/O 
devices. WR is asserted to indicate the data bus holds 
valid data. This line is three-stated during halt or reset 
conditions. 



10 RQ (I/O Request) 

This three-state active low output is used to indicate 
the lower half of the address bus holds a valid address 
for an I /O rea d or write. During interrupt acknowledge 
cycles, lORQ and Mi are asserted together to indicate 
that a vector address can be sent to the data bus. 
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RD (Read) 

This three-state active low output is used to strobe 
data from external memory or I/O devices onto the data 
bus. RD is asserted to indicate the CPU is requesting 
data from external memory or I/O devices. This line is 
three-stated during halt or reset conditions. 



MREQ (Memory Request) 

This three-state active low output is used to Indicate 
that the address specified for the memory read or write 
is valid. 

Mi (Machine Cycle 1) 

This active low output is used to Indicate that the cur- 
rent machine cycle is the opcode fetch phase of an 
instruction execution. 



HALT (Halt State) 



This active low input is used w ith th e HALT instruc- 
tion to initiate a halt state. When HALT is asserted, pro- 
gram execution stops and does not resume until an in- 
terrupt is generated. During the halt state, NOPs are 
executed in order to continue memory refresh 
operations. 



WAIT (Wait State) 

This active low input is used to indicate that the ex- 
ternal memory or I/O devices addr essed by the CPU 
are not ready to transfer data. When WAIT is asserted, 
the CPU is placed in a wait condition. 



RESET 

This active low in put signal is used to initialize the 
CPU. When RESET is asserted, the interrupt enable flip 
flop is reset, the program counter and the I and R 
registers are cleared, and interrupt response mode 
is enabled. In a reset condition, the address and data 
busses are three-stated and all output control signals 
are inactive, after which program execution begins 
from address 0000. 



The pulse width of RESET must be a minimum of 3 
clock cycles in length to reinitialize the CPU and 
stabilize operation. 



RFSH (Refresh) 

This ac tive low output is used in conjunction with the 
MREQ signal to i nitiate a re fresh re ad of all external 
dynamic memory. RFSH and MREQ are both asserted 
when the least significant 7 bits of the address on the 
address bus hold a valid external dynamic memory 
address. 

<}. (Clock) 

This line is an input for external clock sources. 

+ 5 V 

Single -i-5 V power supply. 

GND 

Ground. 
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Block Diagram 



Main General-Purpose 
Register Set 



Accumulator 



NMK 
JNTC 




Flag 



Interrupt 
Vector 






O- 



Alternative General-Purpose 
Register Set 



Memory 
Refresh 



Index Register (X 



Index Register lY 



Stacl( Pointer SP 



Program Counter PC 



Flag 



General-Purpose Registers 



Special Purpose Registers 



7X 




^ 8 \ D.B. Buffer / 8 Ndo 



5Z 



Inst. 
Decoder 



Bus Control 


Read/Write Control 


Timing Control 


System Control 


I 


1 


t 6 


o 





BUSRQ BUSAK WR lORQ RD MREQ M, HALT WAIT RESET RFSH 



+ 5V GND <)> 
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Architecture 

The architecture includes a dual set of six 8-bit general- 
purpose registers and two 8-bit accumulators and flag 
registers. A flexible vectored interrupt structure is sup- 
ported by an 8-bit interrupt vector register that pro- 
vides the most-significant 8 bits of a pointer to a table 
of vector addresses, while the requesting device 
generates the least-significant 8 bits of the pointer. 
Two 16-bit index registers enable the manipulation of 
tabular data as well as facilitating code relocation. 

Multilevel interrupts as well as virtually unlimited sub- 
routine nesting are supported by a 16-bit stack pointer 
and complimentary 16-bit program counter, enhanc- 
ing the speed and efficiency of a wide variety of data- 
handling operations. Processing efficiency is addi- 
tionally supported by a special memory refresh regis- 
ter that enables automatic refreshing of all external 
dynamic memory with minimal processor overhead. 

The dual set of general-purpose registers may be used 
as individual 8-bit registers or paired as 16-bit regis- 
ters. The dual register set (including a dual accumula- 
tor and flag register) not only allows more powerful 
addressing and data transfer operations, but also per- 
mits programming in foreground/background mode 
for vastly improved throughput. 

Standard Test Conditions 

The standard test conditions reference all voltages to 
ground (0 V) and follow the convention that positive 
current flows into the referenced pin. The listing of 
AC parameters is based on a load capacitance of 50 
pF unless explicitly stated otherwise. For every 50 pF 
increase in load capacitance there is a 10 ns delay, 
up to a maximum increase of 200 pF for the data bus 
and 100 pF for the address bus and the bus control 
lines. 

The operating temperature range is: 0°C to -i-70°C; 
-1-4.75 V < Vcc :^ +5.25 V. 



Absolute IMaximum Ratings 

Ta = 25°C 



Operating temperature 


0°C to +70°C 


Storage temperature 


-65°C to +150°C 


Voltage on any pin 


-0.3 to +7 V (1) 


Power dissipation 


1.5 W 



Note: 

(1) With respect to ground. 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described In the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

Ta = 25°C 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min iMax 


Conditions 


Clock capacitance 


Cf 


35 


pF 


fc-1 MHz 


Input capacitance 


C|N 


5 


pF 


Unmeasured pins 


Output capacitance 


COUT 


10 


pF 


returned to ground. 




DC Cliaracteristics 

Ta = 0°C to +70°C; Vqc = +5 V ± 5% unless 
otherwise specified 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


TVp 


Max 


Conditions 


Clock input 
low voltage 


ViLC 


-0.3 




0.45 


V 




Clock input 
high voltage 


V|HC 


Vcc 

-0,6 




Vcc 

+0.3 


V 




Input low voltage 


V|L 


-0.3 




0.8 


V 




Input high voltage 


V|H 


2.0 




Vcc 


V 




Output low voltage 


Vol 






0.4 


V 


l0L=1.8 mA 


Output high voltage 


VOH 


2.4 






V 


l0H = -250^<A 


Power supply nPD780 


Ice 






150 


mA 


tc=400 ns 


Current „„, ^ 

nPD780-1 


Ice 




90 


200 


mA 


tc=250 ns 


Input leakage current 


ILI 






10 


mA 


V|N=OtoVcc 


Three-state output 
leakage current in float 


Iloh 






10 


mA 


VoUT=2.4 
to Vcc 


Three-state output 
leakage current in float 


Ilol 






-10 


/.A 


VouT=0.4 V 


Data bus leakage 
current In input mode 


Ild 






±10 


^L^ 


0:SV,N 
:SVce 
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AC Characteristics 

Ta = 0°C to +70°C; Vcc = +5 V ± 5%; unless otherwise specified 




Limits 




Unit 




)iPD780 (2.5 MHz) 
Parameter Symbol MIn Max 


mPD780-1(4 MHz) 
Min Max 


liPOim-Z (6 MHz) 
Min Max 


Test 
CondHlons 



Ciocl< period 



0.4 



(1) 



0.25 



(1) 



0.165 



(1) 



Ciocl( puise width, ciocl< high 



tw(^H) 



180 



(2) 



110 



(2) 



65 



(2) 



Ciocl< puise width, cioci( iow 



tw(fL) 



180 



2000 



110 



2000 



72 



2000 



Clock rise and faii time 



tRf 



30 



30 



20 



Address output deiay 



ID(AD) 



145 



110 



90 



Deiay to fioat 



tF(AD) 



110 



90 



80 



Address stabie prior to l\flREQ (H^emory cycie) 



tACM 



(3) 



(3) 



(3) 



Address stabie prior to iORQ, RD or WR (i/0 cycie) 



tACI 



(4) 



(4) 



(4) 



Address stabie from RD or WR 



tCA 



(5) 



(5) 



(5) 



Address stabie from RD or WR during Fioat 



tCAF 



(6) 



(6) 



Cl = 50 pF 



Data output deiay 



tD(D) 



230 



150 



130 



Deiay to fioat during write cycie 



Jf(DL 



90 



90 



80 



Data setup time to rising edge of ciock during Mi cycle ts<|i(D) 50 



35 



30 



Data setup time to failing edge of clock during M2 
to M5 cycles 



ts+(D) 



60 



50 



40 



Data stable prior to WR (l\^emory cycie) 



tOCM 



(7) 



(7) 



(7) 



Data stable prior to WR (I/O cycle) 



toci 



(8) 



(8) 



(8) 



IORQ delay from rising edge of clock to IORQ low 



tpLi^lR) 



90 



75 



65 



IORQ delay from falling edge of clock to IORQ low 



tDLi|i(IR) 



110 



85 



70 



IORQ delay from rising edge of clock to IORQ high 



tDHt(lR) 



100 



85 



70 



MREQ delay from falling edge of clock to MREQ iow 



tDL?(MR) 



100 



85 



70 



IVIREQ delay from rising edge of clock to MREQ high tpn^iMR) 



100 



85 



70 



MREQ delay from falling edge of clock to MREQ high tDn,^(MR) 



100 



85 



70 



Pulse width, MREQ low 



tw(MRL) (11) 



(11) 



(11) 



RO delay from falling edge of clock to RD high 



1dh^(RD) 



110 



85 



70 



ns Cl = 200 pF 



Data stable from WR 


tCDF 


(9) 




(9) 




(9) 




ns 




BUSRQ setup time to rising edge of clock 


1S(BQ) 


80 




50 




50 




ns 




BUSAK delay from rising edge of clock to BUSAK low 


IdL(BA) 




120 




100 




90 


ns 




BUSAK delay from falling edge of clock to BUSAK high 


tDH(BA) 




110 




100 




90 


ns 


Cl = 50 pF 


Delay to float (MREQ, IORQ, RD and WR) 


tF(C) 




100 




80 




70 


ns 




Ml stable prior to IORQ (Interrupt ack.) 


IjVIR 


(10) 




(10) 




(10) 




ns 




Any hold time for setup time 


tH 

















ns 




HALT delay time from falling edge of clock 


tD(HT) 




300 




300 




260 


ns 


Cl = 50 pF 


InT setup time to rising edge of clock 


tS(IT) 


80 




80 




70 




ns 





IORQ delay from falling edge of clock to IORQ high 


tDHi(IR) 


110 


85 


70 


ns Cl = 


= 50 pF 


M-j delay from rising edge of clock to M-\ low 


tDL(Ml) 


130 


100 


80 


ns 




Mi delay from rising edge of clock to Mi high 


tDH(Mi) 


130 


100 


80 


ns 





Pulse width, MREQ high 


Vmrh) 


(12) 


(12) 


(12) 


ns 


Pulse width, NMI low 


%(NML) 


80 


80 


70 


ns 


RESET setup time to rising edge of ciock 


tS(RS) 


90 


60 


60 


ns 



RD delay from rising edge of clock to RD low 


tDL<|.(RD) 


100 


85 


70 


ns 


RD delay from falling edge of clock to RD low 


tDL+(RD) 


130 


95 


80 


ns 


RD delay from rising edge of clock to RD high 


lDH(t.(RD) 


100 


85 


70 


ns 



ns Cl = 30 pF 



4-8 



NEC 



/iPD780 



AC Characteristics (cent) 

Ta = 0°C to +70°C; Vcc = +5 V ± 5%; unless otherwise specified 






Limits 






Unit 




Parameter Symbol 


MPD780 (2.5 MHz) 
Min Max 


^PD780-1(4 MHz) 
Min Max 


MPD780-2 (6 MHz) 
Min Max 


Test 
Conditions 


RFSH delay from rising edge of clock to RFSH low tDL(RF) 


180 


130 




110 


ns 


Cl = 30 pF 


RFSH delay from rising edge of clock to RFSH high tDH(RF) 


150 


120 




100 


ns 




WAIT setup time to falling edge of clock ts{WT) 


70 


70 


60 




ns 





WR delay from rising edge of clock to WR low 


to^lWR) 


80 


65 


60 


ns 


WR delay from falling edge of clock WR low 


tDL^(WR) 


90 


80 


70 


ns 


WR delay from falling edge of clock to WR high 


tDHT(WR) 


100 


80 


70 


ns 



Pulse width to WR low 



tw(WRL) (13) 



(13) 



(13) 



Notes: 

(1) tc = tw(+H) + tw(+L) + tR + tp 

(2) Though the structure of the 780 is static, 200^3 is guaranteed maximum. 

(3) tACM = tw(+H) + tp - 65 (75)* (50)" 

(4) tACi = to - 70 (80)* (55)** 

(5) tcA = tw(4L) + tR - 50 (40)* (50)** 

(6) tcAF = tw(*l-) + tR - 45 (60)* (40)** 

(7) tDCM = tc - 170 (210)* (140)** 

(8) toci = tw('^L) + tR - 170 (210)* (140)** 

(9) tcDF = tw(R) + tR - 70 (80)* (55)** 

(10) tMR = 2tc + tw(+H) + tp - 65 (80)* (50)** 

(11) tw(MRL) = tc - 30 (40)* (30)** 

(12) tw(MRH) = tw('t>H) + tp - 20 (30)* (20)** 

(13) tw(WR) = tc - 30 (40)* (30)** 

* These values apply to the fiPD780. 
** These values apply to the jiPD780-2. 




Load Circuit for Output 







+ 5 V 








> 2.2 K 




From Output 










Under Test 














1 


: 






- 


=50 pF ; 


;io K ; 


[ 






4 


y -d 


r '— 










83-000884A 
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/iPD780 



SEC 



Timing Waveforms 

Input Cycle 



^y 



"N r 



— »+• 'A 



^: 



3c 



■ 'dukir) 



»S.KD)|«— ^ -^Kt, 

— tlKZ|- 



Output Cycle 



■J 1 



Ao-A7_ 
JORQ- 

WR- 



■ 'dUi(IR) 



^DHdifl 



^ 
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SEC 



MPD780 



Timing Waveforms (cont) 

Ml Cycle 



,y 



' 1 /' 

'd(AD) tanu 



A0-A15 
MREQ- 

RD- 
D0-D7 



-M, Cycle- 



i / — V 



'S(WT)[«-J 



' \ 



Refresh Address 




y. 



~y 



Memory Read/Write Cycles 



J ^, i 



-Memory Read Cycle- 



H 



Memory Address 



- Memory Write Cycle - 






^ i H / \ 



Memory 



*DL<t>(WR) 



«^ 
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jL(PD780 



SEC 



Timing Waveforms (cont) 

Interrupt Request/Acknowledge Cycle 



Last M Cycle of Instruction — 
Last T State 



ts(IT) 






y'" 



^^efreshA^ ress 



P 



1- 



Input and Output Cycles 

In I/O operations, a single wait state (Tw) Is autonnat- 
Ically Included to provide adequate tinne for an I/O port 
to decode the address from the port address lines and 
Initiate a wait condition if needed. 

Opcode Fetch Instruction Cycle 

At the beginning of the cycle, the contents of the pro- 
gram counter are placed on the ad dress bus. After ap- 
proximately one-half cycle, MREQ Is asserted and Its 
falling edge can be used directly by the external mem- 
ory as a chip enable signal. The data from the exter- 
nal memory can be gated onto the data bus when RD 
is asserted. The CPU reads the data at the rising edge 
of T3. During T3 and T4, external dynamic memory is 
refreshed while the inst ruction is decoded and exe- 
cuted. The assertion of RFSH Indicates that the ex- 
ternal dynamic memory requires a refresh read. 



Memory Read or Write Cycles 



in read and write operations, the IVIREQ and RD 
signals function the same as t hey do in opcode fetch 
operations. In a write operation MREQ is asserted and 
can be used directly by external memory as a chip 
enable signal whe n Information on the address bus 
is stable. The WR signal Is used as a write strobe to 
almost any type of semiconductor memory, and is 
asserted when data on the data bus is stable. 

Interrupt Request/Acknowledge Cycle 

The interrupt signal Is sampled at the rising edge of 
the final clock pulse at the end of an instruction. 
When an i nterrup t is acc epted, an IVIi cycle Is begun. 
Instead of MREQ, lORQ is asserted during this cycle 
to indicate that an 8-bit vector address can be placed 
on the data bus by the interrupting device. This cycle 
includes the automatic addition of two wait states tc 
facilitate the implementation of a daisy-chain priori 
ty Interrupt protocol. 
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NEC 



MPD780 



Instruction Set 

The instruction set of the ^PD780 consists of 158 
types of instructions divided into 16 categories as 
follows: 



8-bit load operations 
register exchanges 
memory block searches 
16-bit arithmetic operations 
rotate and shift operations 
jump operations 
restart operations 
miscellaneous operations 
16-bit load operations 
memory block transfers 



8-bit arithmetic and 

logic operations 
bit set, reset, and test 

operations 
I/O operations 
call operations 
return operations 
general-purpose 

accumulator and flag 

operations 



This comprehensive instruction set is made more 
powerful by the array of addressing modes im- 
plemented by the architecture, as follows: 



Instruction Set Symbol Definitions 


Symbol 


Description 


• 


Flag not affected 





Flag set 


X 


Flag 


i 


Flag affected according to result of operation 


V 


Overflow set 


p 


Parity set 


IFF 


Interrupt flip-flop set 


C 


Carry/Link 


Z 


Zero 


P/V 


Parity/Overflow 


S 


Sign 


N 


Add/Subtract 


H 


Half Carry 



bit addressing 
register-indirect addressing 
immediate addressing 
extended addressing 
implied addressing 
register addressing 



relative addressing 
immediate-extended 

addressing 
indexed addressing 
modified page zero 

addressing 
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Instruction Set 




































Mnemonic 




Operation 


Description 




6 


Operation Code 
5 4 3 2 1 







No. of 
Cloclcs 


No. Of 
Bytes 


C 


Flags 
Z P/V S 


N 


H 


ADC HL, ss 




HL ^ HL + SS + CY 


Add with carry reg. pair ss to HL 




1 
1 


1 

s 



s 




1 




1 


1 



(A) 


15 


1 


i 


t V 


i 





X 


ADC A, r 




A «- A + r + CY 


Add with carry Reg. r to ACC 

















r 


r 


(B) 


4 


1 




t V 


t 





t 


ADC A, n 




A *- A + n + CY 


Add with carrry value n to ACC 




1 

n 



n 




n 






1 
n 



n 




7 


2 




t V 


t 





t 


ADC A, (HL) 




A *- A + (HL) + CY 


Add with carry loc. (HL) to ACC 

















1 







7 


1 




t V 


t 





t 


ADC A, (IX + 


d) 


A - A + (IX + d) + CY 


Add with carry loc. (IX + d) to ACC 




1 

d 




d 


1 

d 


d 





1 
d 


1 

d 




19 


3 




t V 


t 





t 


ADC A, (lY + 


d) 


A *- A + (lY + d) + CY 


Add with carry loc. (lY + d) to ACC 




1 

d 


1 

d 


1 

d 


d 






1 
d 


1 

d 




19 


3 




t V 


i 





t 


ADD A, n 




A *- A + n 


Add value n to ACC 




1 
n 



n 



n 



n 




1 
n 




n 




7 


2 




t V 


t 





t 


ADD A, r 




A-A + r 


Add Reg. r to ACC 


















r 


r 


(B) 


4 


1 




t V 


t 





t 


ADD A, (HL) 




A ^ A + (HL) 


Add location (HL) to ACC 


















^ 







7 


1 




I V 


^ 





t 


ADD A, (IX + 


d) 


A ^ A + (IX + d) 


Add location (IX + d) to ACC 




1 

d 




d 


1 

d 


1 

d 






1 

d 


1 

d 




19 


3 




t V 


t 





i 


ADD A, (lY + 


d) 


A *- A + (lY + d) 


Add location (lY + d) to ACC 




1 

d 


1 

d 


1 

d 


1 

d 





1 
d 


1 

d 




19 


3 




{ V 


t 





i 


ADD HL, ss 




HL ^ HL + ss 


Add Reg. pair ss to HL 







s 


s 


1 







1 


(A) 


11 


1 




• • 


• 





X 


ADD IX, pp 




IX - IX + pp 


Add Reg. pair pp to IX 




1 




P 


1 
P 


1 
1 








1 
1 


(C) 


15 


2 




» • 


• 





X 


ADD lY rr 




lY ^ lY + rr 


Add Reg. pair rr to lY 




1 




1 
r 


1 
r 


1 
1 








1 
1 


(D) 


15 


2 


t 


• • 


• 





X 


AND r 




A «- A A r 


Logical 'AND' of Reg. r A ACC 







1 










r 


r 


(B) 


4 


1 





t p 


t 





t 


AND n 




A ^ A A n 


Logical 'AND' of value n A ACC 




1 

n 


1 
n 



n 



n 




1 

n 



n 




7 


2 





I p 


t 





t 


AND (HL) 




A ^ A A (HL) 


Logical 'AND' of loc. (HL) A ACC 







1 










1 







7 


1 





( p 


t 





t 


AND (IX + d) 




A *- A A (IX + d) 


Logical 'AND' of loc. (IX + d) A ACC 




1 

d 



1 
d 


1 

d 


1 

d 





1 
d 


1 

d 




19 


3 





i p 


t 





t 


AND (lY + d) 




A - A A (lY + d) 


Logical 'AND' of loc. (lY + d) A ACC 


d 


1 

d 


1 

1 
d 


1 

d 


1 

d 


d 



1 
d 


1 

d 




19 


3 





{ p 


t 





i 



O 
CO 

o 



g 

^ 



^et iconif 



Mnemonic 


Operation 




Description 


7 


6 


Iperation Codt 
5 4 3 2 


1 







No. of 
Clocks 


No. of 
Bytes 


Flags 
C Z P/V S 1 


i H 


CPIR 


A - (HL) 
HL- HL + 1 
BC - BC - 1 
until A = (HL) or 


BC = 


Compare location (HL) and ACC, 
increment HL, decrement BC 
Repeat until BC = C 


1 
1 


1 







1 


1 




1 












21 if BC = 
and A^(HL) 
16 if BC = 
or A = (HL) 


2 


. ^(2) t(1) t 


t 


CPL 


A*- A 




Complement ACC (1's comp.) 













1 




1 






4 


1 


i • • • 


1 


DAA 






Decimal adjust ACC 


















1 






4 


1 


t t P t 


> ^ 


DECr 


r-r - 1 




Decrement Reg. r 










r 


r 









(B) 


4 


1 


, t V t 


i 


DEC (HL) 


(HL) - (HL) - 1 




Decrement loc. (HL) 










1 














11 


1 


. t V t 


t 


DEC (IX + d) 


(IX + d) *- (IX + 


d) - 1 


Decrement loc. (IX + d) 


1 


d 


1 


d 




1 
1 
d 


1 

d 


d 




d 






23 


3 


, i V t 


i 


DEC (lY + d) 


(lY + d) *- (lY + 


d) -1 


Decrement loc. (lY + d) 


1 

d 


1 


d 




1 

1 
d 


1 

d 


d 




d 






23 


3 


• i V t 


i 


DEC IX 


IX - IX - 1 




Decrement IX 


1 



1 





1 



1 
1 







1 






10 


2 






DEC lY 


lY - lY - 1 




Decrement lY 


1 



1 






1 



1 
1 







1 






10 


2 






DEC SS 


SS ■«- SS - 1 




Decrement Reg. pair ss 










s 


1 





1 




(A) 


6 


1 






Dl 


IFF-0 




Disable interrupts 


1 


1 




1 








1 






4 


1 






DJNZ, e 


B - B - 1 if B 
continue if B ^^ 0, 


= 
PC - PC + e 


Decrement B and jump relative if B = 








< 


1 
-e-2 - 












8 


2 






El 


IFF*-1 




Enable interrupts 


1 


1 




1 


1 





1 






4 


1 






EX (SP), HL 


H ** (SP + 1), L 


«(SP) 


Exchange the location (SP) and HL 


1 


1 













1 






19 


1 






EX (SP), IX 


IXh « (SP + 1) 
IXl « (SP) 




Exchange the location (SP) and IX 


1 
1 


1 
1 




1 



1 




1 





1 






23 


2 






EX (SP), lY 


IYh ** (SP + 1) 
IYl - (SP) 




Exchange the location (SP) and lY 


1 
1 


1 
1 




1 



1 




1 






1 






23 


2 






EXAF, AF' 


AF « AF' 




Exchange the contents of AF, AF' 













1 













4 


1 






EX DE, HL 


DE«HL 




Exchange the contents of DE and HL 


1 


1 







1 





1 






4 


1 






EXX 


BC ** BC 

DE ** DE', HL ** 


HL' 


Exchange the contents of BC, DE, HL 
with contents of BC, DE', HL', respectively 


1 


1 




1 


1 












4 


1 






HALT 


Processor Halted 




HALT (wait for interrupt or reset) 





1 




1 





1 


1 







4 


1 








s 

c 



1= 
■0 
o 

00 

o 



Instruction Set (cont) 












Mnemonic Operation 


Description 


Operation Code 
7 6 5 4 3 2 1 





No. of No. of 
CiociB Bytes C 


Flags 
Z P/V S N H 


BIT b, (HL) Z ^ (HL) b 


Test BIT b of location (HL) 


110 10 1 
1 b b b 1 1 


1 (E) 



12 2 • 


1 X X 1 



BIT b, (IX + d) Z ^ (IX + d) b 



Test BIT b at location (IX + d) 



1 1 1 1 1 (E) 
10 10 11 
dddddddd 
1 b b b 1 1 



20 



4 • t X X 1 



"0 
D 

00 

o 



BIT b, (lY + d) Z ^ (lY + d)b 



Test BIT b at location (lY + d) 



1 1 1 1 1 1 (E) 
10 10 11 
dddddddd 
1 b b b 1 1 



20 



4 • t X X 1 



BIT b, r 



Tb 



Test BIT of Reg. r 



10 10 11 
1 b b b r r r (B) (E) 



2 • t X X 1 



CALL CO, nn 



If condition cc false continues, 
else same as CALL nn 



Call subroutine at location nn if 
condition cc is true 



1 *- cc ^ 1 (H) 
nnnnnnnn 
nnnnnnnn 



10 



CALL nn 



(SP - 1) - PCh 
(SP - 2) *- PCl 
PC *- nn 



Unconditional call subroutine at 
location nn 



10 110 1 
nnnnnnnn 
nnnnnnnn 



17 



CCF 



CY^CY 



Complement carry flag 



1 



1111 



CP r 



Compare Reg. r with ACC 



1 



(B) 



J t 



J 1 t 



CPn 



A - n 



Compare value n with ACC 



1 1 



1110 



i t V t 1 



n n n n n n n 



CP (HL) 



A - (HL) 



Compare loc. (HL) with ACC 



1 



1110 



t t V t 1 t 



CP (IX + d) 



A - (IX + d) 



Compare loc. (IX + d) with ACC 



1 

1 
d d 

1 1 



110 1 
1110 
d d d d 
110 1 



19 



t t V 



1 t 



CP (lY + d) 



Compare loc. (lY + d) with ACC 



111110 
d d d d d d d 



19 



2 t t V { 1 t 



CPD 



A - (HL) 
HL ^ HL - 1 
BC ^ BC - 1 



Compare location (HL) and ACC, 
decrement HL and BC 



110 110 1 
1 1 1 



16 



^(2) |(1) J I J 



CPDR 



A - (HL) 

HL «- HL - 1 

BC ^ BC - 1 

until A = (HL) or BC = 



Compare location (HL) and ACC, 
decrement HL and BC, repeat until BC = 



110 110 1 
1110 1 



21 if BC = 
and A^(HL) 
16 if BC=0 
or A = (HL) 



j(2) $(1) J 1 J 



§ 
^ 



CPI 



A - (HL) 

HL ^ HL + 1, BC ^ BC 



Compare location (HL) and ACC, 
increment HL and decrement BC 



110 110 1 
10 1 



16 



j(2) j(1) I 1 J 



instruction oei (coni) 



?5 



Mnemonic 



Operation 



Description 



Operation Code 
7 6 5 4 3 2 10 



No. Of No. Of 
Cioclis Bytes C 



Flags 
Z P/V S N 



Set interrupt mode 



1110 110 1 
10 110 



IM 1 



Set interrupt mode 1 



1110 110 1 
10 10 110 



Set interrupt mode 2 



1110 110 1 
10 11110 



A, (n) 



Load ACC witli input from device n 



110 110 11 
nnnnnnnn 



IN r, (C) 



r-(C) 



Load Reg. r with input from device 
(C) 



1 1 1 1 1 1 (') 
1 r r r 



12 



t t 



INC (HL) 



(HL) - (HL) + 1 



Increment location (HL) 



110 10 



i V t 



INC IX 



IX 



IX + 1 



Increment IX 



110 1110 1 
10 11 



10 



INC (IX + d) 



(IX + d) ^ (IX + d) + 1 



Increment location (IX + d) 



110 1110 1 
110 10 
dddddddd 



23 



INC lY 



lY «- lY + 1 



Increment lY 



1111110 1 
10 11 



10 



INC (lY + d) 



(lY + d) - (lY + d) + 1 



Increment location (lY + d) 



1111110 1 
110 10 
dddddddd 



23 



t V t t 



INC r 



r *- r + 1 



Increment Reg. r 



r r r 1 (^' 



t i 



INC ss 


ss -^ SS + 1 




Increment Reg. pair ss 


3 


s s 










1 (A) 


6 


1 


• • • • 


ft • 


IND 


(HL) - (C) 
B ^ B' - 1 


, HL ^ HL - 1 


Load location (HL) w\i\ input from port (C), 
decrement HL and B 


1 



1 
1 


1 
1 


1 







1 




16 


2 


• t(3) X X 


X 


INDR 


(HL) - (C) 
B ^ B - 1 
HL^HL - 


1 until B = 


Load location (HL) witii input from port (C), 
decrement HL and decrement B, 
repeat until B = 


1 



1 
1 1 


1 
1 


1 







1 




21 


2 


• 1 X X 


X 


INI 


(HL) - (C) 
B «- B - 1, 


HL - HL + 1 


Load location (HL) witli input from port (C), 
and increment HL and decrement B 


1 



1 
1 


1 




1 







1 




16 


2 


• t(3) X X 


X 


INIR 


(HL) - (C) 
B*-B - 1 
HL ^ HL + 


1 until B = 


Load location (HL) with input from port (C), 
increment HL and decrement B, 
repeat until B = 


1 




1 

1 1 


1 




1 







1 




21 


2 


• 1 X X 


X 


JP (HL) 


PC^HL 




Unconditional jump to (HL) 


1 


1 


1 








1 


4 


1 


• • • • 


> • 


JP (IX) 


PC«-IX 




Unconditional jump to (IX) 


1 
1 


1 

1 


1 
1 


1 








1 
1 


8 


2 


• • • • 1 


> • 


JP (lY) 


PC *-IY 




Unconditional jump to (lY) 


1 
1 


1 1 

1 


i 
1 


1 








1 
1 


8 


2 


• • • • 


» • 



■0 
D 

CD 

O 




Instruction Set (cont) 



Mnemonic 


Operation 




Description 


7 


6 5 4 3 2 


1 









No. of 
Clocis 


No. of 
Bytes C 


Flags 
Z P/V S N H 


JP cc, nn 


If cc true PC •<- nn 


else continue 


Jump to location nn if continue cc 


1 
n 
n 


1 
n 
n 


n 

n 


cc 
n 

n 


n 
n 



n 
n 


1 
n 
n 



n 
n 


(H) 




10 


3 




JP nn 


PC *- nn 




Unconditional jump to location nn 


1 
n 
n 


1 
n 
n 



n 
n 



n 

n 



n 
n 



n 
n 


1 
n 
n 


1 
n 
n 






10 


3 




JRC, 8 


If C = continue 
If C = 1 PC - PC 


+ e 


Jump relative to PC + e, if carry = 1 








1 1 
-^ e 


1 
2- 













7 if condition 
met, 12 if not 


2 




JRe 


PC - PC + 8 




Unconditional jump relative to PC + e 











1 
- e 


1 
2-* 












12 


2 




JR NC, e 


If C = 1 continue 
If C = PC ^ PC 


+ e 


Jump relative to PC + e if carry = 








1 


1 
- e 



2- 















7 


2 




JR NZ, e 


If Z = 1 continue 




Jump relative to PC + e if non-zero 
(Z = 0) 








1 
-^ e 



2- 















7 


2 • 




JR Z, e 


if Z = continue 




Jump relative to PC + e if zero 
(Z= 1) 








1 



- e 


1 
2 - 















7 


2 




LD A, (BC) 


A *- (BC) 




Load ACC with location (BC) 














1 





1 









7 


1 




LD A, (DE) 


A - (DE) 




Load ACC with location (DE) 











1 


1 





1 









7 


1 • 




LD A, 1 


A *- 1 




Load ACC with 1 


1 



1 
1 


1 





1 


1 



1 
1 



1 


1 
1 






9 


2 


t IFF t 


LD A, (nn) 


A *- (nn) 




Load, ACC with location nn 



n 
n 



n 
n 


1 
n 
n 


1 
n 
n 


1 
n 

n 



n 
n 


1 
n 
n 



n 
n 






13 


3 




LD A, R 


A^R 




Load ACC with Reg. R 


1 



1 

1 


1 





1 


1 
1 


1 
1 




1 


1 
1 






9 


2 • 


t IFF t 


LD (BC), A 


(BC) - A 




Load location (BC) with ACC 




















1 









7 


1 




LD (DE), A 


(DE) - A 




Load location (DE) with ACC 











1 








1 









7 


1 




LD (HL), n 


(HL) - n 




Load location (HL) with value n 




n 



n 


1 

n 


1 
n 



n 


1 
n 


1 
n 



n 






10 


2 • 




LD ss, nn 


ss ^ nn 




Load Reg. pair ss with value nn 




n 
n 



n 
n 


s 
n 
n 


s 
n 
n 



n 
n 



n 

n 




n 
n 


1 
n 
n 


(A) 




20 


4 




LD HL, (nn) 


H ^ (nn + 1) 




Load HL with location (nn) 



n 
n 



n 
n 


1 
n 
n 



n 
n 


1 
n 
n 




n 
n 


1 
n 
n 



n 
n 






16 


3 




LD (HL), r 


(HL)-r 




Load location (HL) with Reg. r 





1 


1 


1 





r 


r 


r 


(B) 




7 


1 





LD I, A 



■0 
D 

00 

o 



*- A 



Load I with ACC 



1 1 
1 



1 1 




1 1 
1 1 1 



g 
^ 



instruction set (cont) 



Mnemonic Operation 



LD IX, nn IX *- nn 



LD IX, (nn) 



LD lY, (nn) 



LD ss, (nn) 



LD (nn), ss 



IXh *- (nn + 1) 
IXl *- (nn) 



LD (IX + d), n (IX + d) ^ n 



LD (IX + d), r (IX + d) ^ r 



LD lY, nn lY *- nn 



IYh - (nn + 1) 
IYl - (nn) 



ssh *- (nn + 1) 
ssl «- (nn) 



LD (lY + d), n (lY + d) *- n 



LD (lY + d), r (lY + d) ^ r 



LD (nn), A (nn) *- A 



(nn + 1) *- ssh 
(nn) «- ssl 



Description 



Operation Code 
7 6 5 4 3 2 10 



No. Of No. of Flags 

Clocks Bytes C Z P/V S N H 



Load IX with value nn 



110 1110 1 
10 1 
nnnnnnnn 
nnnnnnnn 



19 4 



Load IX with location (nn) 



110 1110 1 
10 10 10 
nnnnnnnn 
nnnnnnnn 



20 4 



Load location (IX + d) with value n 



110 1110 1 
110 110 
dddddddd 
nnnnnnnn 



19 4 



Load location (IX + d) with Reg. r 



110 1110 1'^) 
1 1 1 r r r 
dddddddd 



19 3 



Load lY with value nn 



1111110 1 
10 1 
nnnnnnnn 
nnnnnnnn 



14 4 



Load lY with location (nn) 



1111110 1 
10 10 10 
nnnnnnnn 
nnnnnnnn 



20 4 



Load Reg. pair dd with location (nn) 



1 1 1 1 1 1 (^) 
1 s s 1 1 1 
nnnnnnnn 
nnnnnnnn 



20 4 



Load (lY + d) with value n 



1111110 1 
110 110 
dddddddd 
nnnnnnnn 



19 4 



Load location (lY + d) with Reg. r 



t 1 1 1 1 1 1 (^' 
1 1 1 r r r 
dddddddd 



19 3 



Load location (nn) with ACC 



110 10 
nnnnnnnn 
nnnnnnnn 



13 3 



Load location (nn) with Reg. pair dd 



1 1 1 1 1 1 f'^) 
1 s s 1 1 
nnnnnnnn 
nnnnnnnn 



20 4 




g 
^ 



D 
CO 

o 



Instruction Set (cont) 














Mnemonic Operation 


Description 


Operation Code 
7 6 5 4 3 2 10 


No. of No. of 
Clocis Bytes C 


Flags 
Z P/V S 


N 


H 


LD (nn), HL (nn + 1) ^ H 
(nn) - L 


Load location (nn) with HL 


10 10 
nnnnnnnn 
nnnnnnnn 


16 3 


• • • 


• 


• 



LD (nn), IX 



(nn +1)^ IXh 
(nn) *- IXl 



Load location (nn) with IX 



110 1110 1 
10 10 
nnnnnnnn 
nnnnnnnn 



20 



H 
D 

09 

O 



LD(nn), lY 



(nn +1) - IYh 
(nn) - IYl 



Load location (nn) with lY 



1111110 1 
10 10 
nnnnnnnn 
nnnnnnnn 



20 



LD R, A 



R^A 



Load R with ACC 



1110 110 1 
10 1111 



LD r, (HL) 




r - (HL) 






Load Reg. r with location (HL) 







1 


r 






1 


1 





(B) 


7 


1 


• • • 


• • 


• 


LD r, (IX + 


d) 


r ^ (IX + d) 






Load Reg. r with location (IX + 


d) 


1 

d 











d 



1 
d 


1 

d 


(B) 


19 


3 


• • • 


• • 


• 


LD r, (lY + 


d) 


r *- (lY +d) 






Load Reg. r with location (lY + 


d) 


1 

d 


d 











1 
d 


1 

d 


(B) 


19 


3 


• • • 


• • 


• 


LDr, n 




r *-n 






Load Reg. r with value n 





n 



n 










1 
n 



n 


(B) 


7 


2 


• • • 


• • 


• 


LD, r, r' 




r •>- r' 






Load Reg. r with Reg. r' 

















r' 


r' 


(F) 


4 


1 


• • • 


• • 


• 


LD SP, HL 




SP^HL 






Load SP with HL 




1 















1 




6 


1 


• • • 


• • 


• 


LD SP, IX 




SP *- IX 






Load SP with IX 




















1 

1 




10 


2 


• • • 


• • 


• 


LD SP lY 




SP*- lY 






Load SP with lY 




















1 

1 




10 


2 


• • • 


• • 


• 


LDD 




(DE) - (HL) 
DE ^ DE - 1 
HL^HL - 1 


BC- 


BC - 1 


Load location (DE) with location (HL), 
decrement DE, HL and BC 




1 

















1 





16 


2 


. . i 


• 





LDDR 




(DE) - (HL) 
DE ^ DE - 1 






Load location (DE) with location 


(HL) 




1 







1 











1 





21 


2 


• • 


• 






HL <- HL - 1, BC ^ BC - 1 until 
BC = 



g 
^ 



Instruction Set (cont) 


































Mnemonic 


Operation 


Description 


7 


Operation Code 
6 5 4 3 2 


1 





No. of 
Clocics 


No. Of 
Bytes 


C Z 


Flags 
P/V S 


N 


H 


LDI 


(DE) - (HL) 
DE - DE + 1 
HL^HL + 1 
BC "^ BC - 1 


Load location (DE) with location 
(HL), increment DE, HL; decrement 
BC 


1 
1 


1 









1 




1 








1 




16 


2 


• • 


t(T) 


• 








LOIR 


(DE) - (HL) 

DE «- DE + 1 

HL*-HL + 1 

BC "^ BC - 1 until BC = 


Load location (DE) with location (HL); 

increment DE, HL, 

decrement BC and repeat until BC = 


1 

1 


1 







1 


1 




1 








1 




21 if BC # 
16 if BC = 


2 


• • 





• 








NEG 


A-0 - A 


Negate ACC (2's complement) 


1 



1 
1 








1 




1 
1 






1 




8 


2 


i t 


V 


t 


1 




NOP 




No operation 

























4 


1 


• • 


• 


• 


• 




ORr 


A*-AVr 


Logical 'OR' of Reg. r and ACC 


1 












r 


r 


r (B) 


4 


1 


t 


p 


t 







ORn 


A*-AVn 


Logical 'OR' of value n and ACC 


1 
n 


1 

n 




n 



n 


1 
n 


1 
n 



n 


7 


2 


• t 


p 


t 







OR (HL) 


A ^ AV (HL) 


Logical 'OR' of loc. (HL) and ACC 


1 












1 


1 





7 


1 


• t 


p 


t 







OR (IX + d) 


A ^ (IX + d) 


Logical 'OR' of loc. (IX + d) A ACC 


1 
1 
d 


1 

d 




d 




1 
1 
d 



1 
d 


1 

d 


19 


3 


• i 


p 


t 







OR (lY +d) 


A *- AV (lY + d) 


Logical 'OR' of loc. (lY + d) A ACC 


1 
1 
d 


1 

d 




d 




1 
1 
d 




1 
d 


1 

d 


19 


3 


• i 


p 


i 





i 


OTDR 


(C) - (HL) 
B-B - 1 
HL <- HL - 1 until B = 


Load output port (C) with contents of location 
(HL), decrement HL and B, repeat until B = 


1 
1 


1 






1 




1 





1 


1 
1 


21 if B # 
16 if B = C 


2 


• 1 


X 


X 


1 


X 


OTIR 


(C) - (HL) 
B **" B — 1 
HI *- HL + 1 until B = 


Load output port (C) with location (HL), 
increment HL, decrement B, 
repeat until B = 


1 


1 









1 





1 


21 if B # 
16 if B = C 


2 


• 1 


X 


X 


1 


X 


OUT (C), r 


(C) - r 


Load output port (C) with Reg. r 


1 



1 
1 






r 




1 







1 (B) 
1 


12 


2 


• • 


• 


• 


• 


• 


OUT (n), A 


(n)-A 


Load output port (n) with ACC 


1 
n 


1 
n 




n 


1 
n 



n 



n 


1 

n 


1 
n 


11 


2 


• • 


• 


• 


• 


• 


OUTD 


(C) - (HL) 

B ^ B - 1, HL ^ HL - 1 


Load output port (C) with location (HL), 
increment HL and decrement B 


1 

1 


1 











1 





1 


1 
1 


16 


2 


. J(3) 


X 


X 


1 


X 


OUTI 


(C) - (HL) 

B - B - 1, HL ^ HL + 1 


Load output port (C) with location (HL), 
increment HL and decrement B 


1 
1 


1 









1 



1 




1 


1 
1 


16 


2 


. t(3) 


X 


X 


1 


X 



g 

n 



■0 
D 

00 

o 




Instruction Set (cont) 






























Mnemonic 




Operation 




Description 


7 


6 


Operation Code 
5 4 3 2 1 







Naof 

ClOClB 


No. of 
Bytes C 


Flags 
Z P/V S N H 


POP IX 




iXh - (SP + 1) 
iXl - (SP) 




Load IX with top of stack 








1 


1 




1 



1 












14 


2 




POPIY 




IYh-(SP+1) 
IYl - (SP) 




Load lY with top of stack 






1 
1 


1 




1 




1 












14 


2 




POP qq 




qqH *- (SP + 1) 
qqi *- (SP) 




Load Reg. pair qq with top of stack 






q 


q 













(G) 


10 


1 




PUSH IX 




(SP - 2) *- IXl 
(SP - 1) - IXh 




Load IX onto stack 








1 


1 




1 




1 
1 










15 


2 




PUSH lY 




(SP - 2) ^ IYl 
(SP - 1) - IYh 




Load lY onto stack 






1 
1 


1 




1 




1 
1 










15 


2 




PUSH qq 




(SP - 2) - qqL 
(SP - 1) - qqH 




Load Reg. pair qq onto stack 






q 


q 





1 







(G) 


11 


1 • 




RES b,r 




Sb-0 




Reset Bit b of Reg. r 








b 



b 


1 
b 




r 


1 

r 




(B) 
(E) 


8 


2 




RES b, (HL) 




Sb - 0, (HL) 




Reset Bit b of loc. (HL) 









b 



b 


1 

b 




1 


1 

1 






15 


2 




RES b, (IX + 


d) 


Sb - (IX + d) 




Reset Bit b of loc, (IX + d) 


d 






d 
b 


1 


d 
b 


1 
1 
d 
b 


1 


d 

1 




1 

d 
10 






23 


4 




RES b, (lY + 


d) 


Sb *- 0, (lY + d) 




Reset Bit b of loc. (lY + d) 


d 





1 

d 
b 


1 

d 
b 


1 
1 
d 
b 


1 


d 

1 



1 
d 
1 


d 






23 


4 




RET 




PCl *- (SP) 
PCh *- (SP + 1) 




Return from subroutine 












1 








1 




10 


1 • 




RETcc 




If condition cc is false 
cont. else (PCl *- (SP) 
PCh-(SP + 1) 


Return from subroutine if condition 
cc is true 






*~ 


cc 


"*■ 











(H) 


5 if CC false 
IlifCCtrue 


1 




RET! 








Return from interrupt 







1 







1 
1 


1 
1 










14 


2 




RETN 








Return from non-maskable interrupt 






1 







1 



1 

1 










14 


2 




RLr 








Rotate left through carry Reg. r 





1 









1 


1 




r 


1 

r 




(B) 


2 


2 t 


t P t 


RL (HL) 








Rotate left through carry loc. (HL) 





1 










1 


1 





1 


1 

1 







4 


2 t 


i p i 



Instruction Set (cont) 






































Mnemonic 


Operation 


Description 


7 


Operation Code 
6 5 4 3 2 









No. of 
Giocks 


No. of 
Bytes 


C 




Fiags 
P/» ^ 


N 


H 


RL (IX + d) 


1 1 


Rotate left through carry loc. (IX + d) 




1 
1 
d 





d 



1 

d 
1 


1 
1 

d 



1 









6 


4 






P 












l- CY *- 7 -^ — ' 






m r, (HL) 




RL (lY + d) 


{IX + d), 
(lY + d), A 


Rotate left through carry loc. (lY + d) 




1 
1 
d 



1 

d 



1 

d 
1 


1 
1 
d 











6 


4 






P 










RLA 




Rotate left ACC through carry 










1 













4 


1 






• 










RLC (HL) 




Rotate location (HL) left circular 




1 











1 











15 


2 






P 










RLC (IX + d) 




Rotate location (IX + d) left circular 




1 
1 
d 





d 



1 

d 



1 
1 
d 











23 


4 






P 










RLC (lY + d) 


1 1 


Rotate location (lY + d) left circular 




1 
1 
d 



1 

d 



1 

d 



1 
1 
d 











23 


4 






P 










CY "-L 7 *- •-J 
m = r, (HL), 
(IX + d), (lY + d), A 


RLCr 




Rotate Reg. r left circular 




1 











1 









(B) 


8 


2 






P 










RLCA 




Rotate left circular ACC 
























4 


1 






• 














Rotate digit left and right between ACC and 
location (HL) 




1 
1 


1 
1 






1 
1 










18 


2 






P 











1 * 


u 


RLD 


Al74|30 74|30l(HL) 
f III 




RRr 




Rotate right through carry Reg. r 




1 









1 


1 
1 









(B) 


2 


2 






P 










RR (HL) 




Rotate right through carry loc. (HL) 




1 











1 
1 











4 


2 






P 










RR (IX + d) 




Rotate right through carry loc. (IX + d) 




1 
1 
d 





d 





1 
1 
d 
1 



d 








6 


4 






P 














Rotate right through carry loc. (lY + d) 





1 
1 

d 



1 


d 





1 
1 
d 

1 



d 








6 


4 






P 









RR (lY + d) 






Lj7^0HcyH 
m = r, (HL), 
(IX + d), (lY + d), A 




RRA 




Rotate right ACC through carry 













1 










4 


1 






• 










RRCr 




Rotate Reg. r right circular 


1 



1 











1 

1 




r 






(B) 


2 


2 






P 












g 

^ 



O 

€0 

O 



Instruction Set (cont) 



Mnemonic 




Operation 




Description 


7 


( 
6 


Iperation Code 
5 4 3 2 


1 







No. Of 
Clocks 


No. of 
Bytes 


C 


z 


Flags 
P/V S 


N 


H 


RRC (HL) 








Rotate loc. (HL) right circular 


1 



1 











1 
1 







1 






4 


2 






P 


















Rotate loc (IX + d) right circular 


1 
1 
d 



1 
1 
d 





d 



1 

d 



1 
1 
d 
1 






1 
1 

d 





6 


4 






P 









RRC (IX + d) 


1 1 







U| 7 ^ f-U| CY 1 




RRC (lY + d) 




m = r, (HL), 

(IX + d), (lY + d), A 




Rotate loc. (lY + d) right circular 


1 
1 
d 



1 
1 
d 



1 

d 



1 

d 



1 
1 
d 
1 






1 
1 
d 





6 


4 






P 










RRCA 








Rotate right circular ACC 














1 






1 




4 


1 






• 












A 




(HL) 


Rotate digit right and then left between 
ACC and location (HL) 


1 



1 
1 


1 

1 






1 







1 
1 




18 


2 






P 











1 ill 





RRD 


|74 30| |74 30 




RSTi 




(SP - 1) - PCh 
(SP - 2) *- PCl 
PCh *- 0, PCl *- T 




Restart to location T 


1 


1 


t 


t 


t 






1 




11 


1 






• 




• 


• 


SBC A, r 




A *- A - r CY 




Subtract Reg. r from ACC w/carry 


1 








1 


1 






r 


(B) 


4 


1 






V 




1 


i 


SBC A, n 




A - A - n - CY 




Subtract value n from ACC with carry 


1 
n 


1 

n 



n 


1 

n 


1 
n 







n 




7 


2 






V 




1 


i 


SBC A, (HL) 




A ^ A - (HL) - CY 




Sub. loc. (HL) from ACC w/carry 


1 








1 


1 











7 


1 






V 




1 


i 


SBC A, (IX + 


d) 


A ^ A - (IX + d) - 


CY 


Subtract loc. (IX + d) from ACC with carry 


1 
1 
d 


1 

d 




d 


1 
1 
d 


1 
1 
d 






1 

d 




19 


3 






V 




1 


t 


SBC A, (lY + 


d) 


A *- A - (lY + d) - 


CY 


Subtract loc. (lY + d) from ACC with carry 


1 
1 
d 


1 

d 


1 

d 


1 
1 
d 


1 
1 
d 






1 

d 




19 


3 






V 




1 


t 


SBC HL, ss 




HL ^ HL - ss - CY 




Subtract Reg. pair ss from HL with carry 


1 



1 
1 


1 
s 



s 


1 







1 



(A) 


15 


2 






V 




1 


X 


SGF 




CY^1 




Set carry flag (C = 1) 








1 


1 









1 




4 


1 






• 










SET b, (HL) 




(HL)b *- 1 




Set Bit b of location (HL) 


1 
1 


1 
1 



b 



b 


1 
b 






1 



(E) 


15 


2 






• 




• 


• 


SET b, (IX + 


d) 


(IX + d)b *- 1 




Set Bit b of location (iX + d) 


1 
1 
d 
1 


1 
1 
d 
1 




d 
b 


1 

d 
b 


1 
1 
d 
b 



d 
1 




1 
1 
d 



(E) 


23 


4 


• 




• 




• 


• 



Instruction Set (cont) 






































Mnemonic 


Operation 




Description 


7 


( 
6 


Iperation Code 
5 4 3 2 







Na of 
Ciocics 


Na of 
Bytes 


C 


z 


Fiags 
P/V S 


N 


H 


SET b, (lY + d) 


(lY + d)b-1 




Set Bit b of location (lY + d) 






1 

d 
b 


1 

d 
b 




1 

d 
1 




1 (E) 

1 

d 



23 


4 


• 


• 


• 


• 


• 


• 


SET b, r 


rb^1 




Set Bit b of Reg. r 







b 



b 






r 




1 (B) 

r 


8 


2 


• 


• 


• 


• 


• 


• 


SLAr 






Shift Reg. r left arithmetic 







1 









r 




1 (B) 

r 


8 


2 






P 
















Shift loc. (HL) left arithmetic 








1 









1 




1 



15 


2 






P 









SLA (HL) 


1 CY H 7 - h-0 





SLA (IX + d) 


m = r, (HL), (IX + d), 


(lY + d) 


Shift loc. (IX + d) left arithmetic 








d 
1 


1 

d 





1 

d 
1 




1 
1 
d 



23 


4 






P 










SLA (lY + d) 






Shift loc. (lY + d) left arithmetic 






1 

d 
1 


1 

d 





1 

d 

1 




1 
1 
d 



23 


4 






P 










SRA r 






Shift Reg. r right arithmetic 








1 









r 




1 (B) 

r 


8 


2 






P 
















Shift loc. (HL) right arithmetic 










1 










1 




1 



15 


2 






P 









SRA (HL) 


j— 1 7 ^ |-^ CY 





SRA (IX + d) 


m = r, (HL), (IX + d). 


(lY + d) 


Shift loc. (IX + d) right arithmetic 


d 



d 





d 

1 


1 

d 





1 

d 

1 




1 
1 
d 



23 


4 






P 










SRA (lY + d) 






Shift loc. (lY + d) right arithmetic 


d 



d 



1 

d 

1 


1 

d 





1 

d 
1 




1 
1 
d 



23 


4 






P 










SRLr 






Shift Reg. r right logical 










1 




1 






r 




1 (B) 

r 


8 


2 






P 
















Shift loc. (HL) right logical 










1 




1 






1 




1 



15 


2 






P 









SRL (HL) 


0-^ 7 ^ I— CY 





SRL (IX + d) 


m = r, (HL), (IX + d). 


(lY + d) 


Shift loc. (IX + d) right logical 


d 



d 





d 
1 


1 



d 

1 


d 

1 


1 

d 
1 


d 


1 
1 
d 



23 


4 






P 











§ 

^ 



■0 
D 

CO 

o 




Instruction Set (cont) 



o 

00 

o 



Mnemonic 


Operation 




Description 


7 


6 


Dperation Code 
5 4 3 2 









No. of 
Ciociis 


No. of 
Bytes C 


Flags 
Z P/V S N H 


SRL (lY + d) 






Shift loc. (lY + d) right logical 


d 



1 
1 

d 



1 

d 
1 


1 

d 


1 
1 
d 
1 


1 

d 




1 

1 

d 





23 


4 t 


t P t 


SUB r 


A*-A - r 




Subtract Reg. r from ACC 



















r 


(B) 


4 


1 i 


i \i i ^ t 


SUBn 


A^A - n 




Subtract value n from ACC 


n 


1 
n 



n 


n 



n 







n 




7 


2 t 


t V t 1 t 


SUB (HL) 


A ^ A - (HL) 




Subtract loc. (HL) from ACC 
























7 


1 t 


1 V t 1 t 


SUB (IX + d) 


A - A - (IX + 


d) 


Subtract loc. (IX + d) from ACC 


d 


1 

d 




d 


d 


1 

d 






1 

d 




19 


3 i 


t \i i ^ i 


SUB (lY + d) 


A *- A - (lY + 


d) 


Subtract loc. (lY + d) from ACC 


d 


1 

d 


1 

d 


d 


1 

d 






1 

d 




19 


3 t 


t \i i 1 i 


XORr 


A<-AVr 




Exclusive 'OR' Reg. r and ACC 







1 





1 






r 


(B) 


4 


1 » 


t P t 1 t 


XORn 


A^AVn 




Exclusive 'OR' value n and ACC 


n 


1 
n 


1 
n 



n 


1 
n 




n 



n 




7 


2 t 


t p t 1 i 


XOR (HL) 


A«-AV(HL) 




Exclusive 'OR' loc. (HL) and ACC 







1 





1 




1 







7 


1 i 


i P i 1 t 


XOR (IX + d) 


A«-AV(IX + 


d) 


Exclusive 'OR' loc. (IX + d) and ACC 




1 





1 


1 







1 




19 


3 i 


* P t 1 t 



10 10 1110 
dddddddd 



XOR (lY + d) 



A -^ A V (lY + d) 



Exclusive 'OR' loc. (lY + d) and ACC 



1111110 1 
10 10 1110 
dddddddd 



t t P t 1 t 



Note: 

(1) P/V flag is if B = 0, else P/V = 1 

(2) Z = 1 it A = (HL), else Z = 

(3) If B = 0, Z flag set, else reset 



A 




B 


c 




D 






E 




F 


G 








H 




1 


Reg ss 


Reg r 


Regpp 


Reg 


rr 




Sitb 


Rei 


r, r' 


Regqq 


cc 


Condition Relevant Flag 


Reg r 


BC 00 


A 


111 


BC 


00 


BC 


00 





000 


A 


111 


BC 


00 


000 


NZ 


Non zero 


Z 


B 000 


DE 01 


B 


000 


DE 


01 


DE 


01 


1 


001 


B 


000 


DE 


01 


001 


Z 


Zero 


Z 


C 001 


HL 10 


C 


001 


IX 


10 


lY 


10 


2 


010 


C 


001 


HL 


10 


010 


NC 


Non carry 


C 


D 010 


SP 11 


D 


010 


SP 


11 


SP 


11 


3 


oil 


D 


010 


AF 


11 


oil 


C 


Carry 


C 


E Oil 




E 


011 










4 


100 


E 


oil 






100 


PO 


Parity odd 


P/V 


H 100 




H 


100 










5 


101 


H 


100 






101 


PE 


Parity even 


P/V 


L 101 




L 


101 










6 


110 


L 


101 






110 


P 


Sign positive 


S 


F 110 
















7 


111 










111 


M 


Sign negative 


S 


A 111 



g 

^ 



NEC 

NEC Electronics Inc. 



)L(PD8085AIAH 

8-BIT, SINGLE-CHIP 

N-CHANNEL MICROPROCESSORS 



Description 

The MPD8085A-2, mPD8085AH, and mPD8085AH-2 8-bit, 
single-chip microprocessors are 100 percent software 
compatible with the industry standard 8080A. They have 
the ability of increasing system performance of the 
8080A by operating at a higher speed. Using the 
fiPD8085A in conjunction with its family of ICs allows 
the designer complete flexibility with minimum chip 
count. The H (HMOS) versions have lower power con- 
sumptions than the non-H versions. 

Features 

D Single power supply, -f-5V, ±10% 

D Internal clock generation arid system control 

n Internal serial in/out port 

D Fully TTL-compatible 

D Internal four-level interrupt structure 

D Multiplexed address/data bus for increased 

system performance 
D Complete family of components for design 

flexibility 
D Software compatible with industry standard 8080A 
D Higher throughput 

-iuPD8085A-2 — 5MHz 

— MPD8085AH — 3MHz 

— fiPD8085AH-2 — 5MHz 



Pin Configuration 



Ordering information 




Part 

Number Package IVpe 


Max Frequency 
of Operation 


/iPD8085AC-2 40-pin plastic DIP 


5 MHz 


HPD8085AHC 40-pin plastic DIP 


3 MHz 


/iPD8085AHC-2 40-pin plastic DIP 


5 MHz 













XI i: 1 V> 


^ 40 3 Vcc 


X2 C 2 


39 3 HOLD 




no c 3 


38 3 HLDA 




SOD i: 


4 


37 3 CLK(OUT) 




SID C 5 


36 3 RESET IN 




TRAP C 6 


35 


3 READY 




RST7.5 C 7 


34 3 lO/M 




RST6.5 C 


8 


33 D Si 




RST5.5 C 9 5 32 3 RD 




INTR C 10 g 31 3 WR 




iNTAC 11 1 


1 30 p ALE 




ADoC 


12 £ 29 b So 




ADi C 13 


28 3 Ai5 




AD2 C 14 


27 3 Ai4 




AD3 C 


15 


26 3 Ai3 




AD4C 


16 


25 3 A12 




AD5 C 17 


24 3 All 




ADe C 18 


23 3 A10 




AD7 C 


19 


22 3 A9 




VssC 


20 


21 3 A8 


83-003397A 











E 



Pin Identification 



No. 


Symbol 


Function 


1,2 


XI, X2 


Crystal In 


3 


RO 


Reset out 


4 


SOD 


Serial out data 


5 


SID 


Serial in data 


6 


TRAP 


Trap interrupt input 


7 


RST7.5 


Restart interrupts 


8 


RST6.5 


Restart Interrupts 


9 


RST5.5 


Restart interrupts 


10 


INTR 


Interrupt request in 


11 


INTA 


Interrupt acknowledge 


12-19 


AD0-AD7 


Low address /data bus 


20 


Vss 


Ground 


21-28 


A8-A15 


High address bus 


29,33 


Sq, Si 


Status outputs 


30 


ALE 


Address latch enable out 


31,32 


WR,RD 


Write / read strobes out 


34 


10 /M 


I/O or memory Indicator 


35 


READY 


Ready input 


36 


RESET IN 


Reset input 


37 


CLK 


Clock out 


38,39 


HLDA, HOLD 


Hold acknowledge out and hold input 
request 


40 


Vcc 


+5 V supply 
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Pin Functions 

Crystal In 

Crystal, RC, or external clock input. 

Reset Out 

Acknowledges that the processor is being reset to be 
used as a system reset. 

Serial Out Data 

1-bit data out by the SIM instruction. 

Serial In Data 

1-bit data into ACC bit 7 by the RIIVI instruction. 

Trap Interrupt Input 

Highest priority nonmaskable restart interrupt. 

Restart Interrupts 

Priority restart interrupt inputs, of which 7.5 is the high- 
est and 5.5 the lowest priority. 

Interrupt Request In 

A general Interrupt i nput w hich stops the PC from incre- 
menting, generates INTA, and samples the data bus for 
a restart or call instruction. 

Interrupt Acknowledge 

An output which indicates that the processor has re- 
sponded to INTR. 

Low Address/ Data Bus 

Multiplexed low address and data bus. 

Ground 

Ground Reference. 

High Address Bus 

Nonmultiplexed high 8 bits of the address bus. 



Status Outputs 

Outputs which indicate data bus status: Halt, Write, 
Read, Fetch. 

Address Latch Enable Out 

A signal which indicates that the lower 8 bits of address 
are valid on the AD lines. 

Write/ Read Strobes Out 

Signals out which are used as write and read strobes for 
memory and I/O devices. 

i/0 or iVIemory Indicator 

A signal out which Indicates whether RD or WR strobes 
are for I/O or memory devices. 

Ready Input 

An input which is used to increase the data and address 
bus access times (can be used for slow memory). 

Reset Input 

An input which Is used to start the processor activity at 
address 0, resetting IE and HLDA flip-flops. 

Clock Out 

System clock output. 

Hold Acknowledge Out and Hold Input Request 

Used to request and indicate that the processor should 
relinquish the bus for DMA activity. When hold is ac- 
knowledged, RD, WR, 10/ M, address and data buses are 
all three-stated. 

+5 V Supply 

Power supply input. 
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Block Diagram 



Flag Register 

Bit 7 — S Sign 
Bite — ZZero 
Bits — Always "0" 
Bit4- ACYAuxiliaiyCarty 
Bits — Always "0" 
Bit 2 — P Parity 
Bit1 —1 Always "1" 
Bit — CY Carry 



Ais-Ag 



AD7-AD0 



Address 
Buffer (8) 



a < 
-I a 



5 S|Q|= l!i o _1 

u oc Is Is < M » 9 



Timing And Control 



State CNTR Cycle CNTR 



IR(8) 



Flag Register 



Data/Address 
Buffer (8) 



Latch and Inc./ Dec. 



SP (16) 



W(8)(1) 



D(8) 



B(8) 



Z(8)(1) 



M8) 



E(8) 



C(8) 



Latcll H(8) 



A(8) 



Latch L(8) DAA ROM 



J 



Internal Data Bus (8 Bit) 



■Vcc 
-GND 



Serial I/O 
Control 



-SOD 
-SID 



Interrupt 
Control 



riTTTT 

DC |< w U5 u) a 
H I- ifi (O ro. < 

5 Is te S Si fE 



Note: 

(1) Temporary Register 
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Absolute Maximum Ratings 

nPD8085A-2: Ta = 25 °C; Vqc = +5 V ±5% 



Power supply voltage, Vqd 


-0.5Vto+7V 


Input voltage, V| 


-0.5Vto+7V 


Output voltage, Vq 


-0.5 V to +7 V 


Operating temperature, Tqpt 


0°Cto+70°C 


Storage temperature, Tstg 


-65°Cto+150°C 


Powder dissipation, Pq 


1.5W 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



DC Ciiaracteristics 

fiPD8085AH,/iPD8085AH-2:TA = 0°Cto +70°C,Vcc= +5V±10%, 

Vss = GND 
tiPD8085A-2: Ta = 0°C to +70°C, Vqc = +5 V ±5%, Vss = GND 





Symbol 




Limits 


Unit 


Test 


Parameter 


MIn 


TVP 


INax 


Conditions 


Input voltage 
low 


V|L 


Vss-0.5 


Vss +0.8 


V 




Input voltage 
high 


V|H 


2.0 




Vcc+0.5 


V 




Output voltage 
low 


Vol 






+0.45 


V 


10L=2.0mA, 
IOH=-400/iA, 
(Notes 1& 2) 


Output voltage 
high 


VOH 


2,4 






V 


l0H=-400^*A, 
10L = 2mA, 
(Notes 1& 2) 


Input leakage 
current 


lu 






±10(1) 


mA 


OV<V|N<Vcc 


Output leakage 
current 


Ilo 






±10(1) 


mA 


0.45V<VouT< 

Vcc 


Input level low, 
reset 


ViLR 


-0.5 




+0.8 


V 




Input level high, 
reset 


VlHR 


2.4 




Vcc+0.5 


V 




Hysteresis, 
reset 


Vhy 


0.25 






V 




X1,X2 input 
voltage high 


V|HX 


4.0 




Vcc+0.5 


V 





Power supply lcc(AV) 
current (Vcc) 
nPD8085A-2 

HPD8085AH, 
fiPD8085AH-2 



170 mA tcY min 



135 mA tcymin, (Note3) 



Note: 

(1) Minus ( - ) designates current flow out of the device. 

(2) On all outputs. 

(3) Maximum unit test. 
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AC Characteristics 

I/PD8085A-2: Ta = 0°C to +70°C, Vqc = 5 V ± 5% 

hPD8085AH, /:iPD8085AH-2: Ta = 0°C to +70°C, Vqc = 5 V ± 10% 





Symbol 






Limits 




Unit 






MPD8085AH 


1 


|iPD8085AH-2, 


^PD8085A-2 


Test 


Parameter 


Mill 


Max 


Min 


Max 


Conditions 


CLK cycle period 


tCYC 


320 


2000 


200 


2000 


ns 




CLK low time 


tl 


80 




40 




ns 




CLK high time 


t2 


120 




70 




ns 




CLK rise time 


tr 




30 




30 


ns 




CLK fall time 


tf 




30 




30 


ns 




X1 rising to CLK rising 


tXKR 


30 


120 


30 


100 


ns 




X1 rising to CLK falling 


tXKF 


30 


150 


30 


110 


ns 




A8-Ai5 valid to leading edge of 
CONTROL 


tAC 


270 




115 




ns 


(Note 1) 


A0-A7 valid to leading edge of 
CONTROL 


^ACL 


240 




115 




ns 




A0-A15 valid to data input 


^AD 




575 




350 


ns 




Address float after leading edge of RC 
(INTA) 


' tAFR 












ns 




A8-A15 valid before trailing edge of 
ALE 


tAL 


115 




50 




ns 


(Note 1) 


A0-A7 valid before trailing edge of 
ALE 


Ull 


90 




50 




ns 




READY valid from address valid 


Iary 




220 




100 


ns 




A8-A15 valid after CONTROL 


tCA 


120 




60 




ns 




Width of control low/ (RD, WR, iNTA) 


kc 


400 




230 




ns 




Trailing edge of CONTROL to leading 
edge of ALE 


tCL 


50 




25 




ns 




Data valid to trailing edge of WR 


tow 


420 




230 




ns 




HLDA to bus enable 


^HABE 




210 




150 


ns 




Bus float after HLDA 


tHABF 




210 




150 


ns 




HLDA valid to trailing edge of CLK 


tHACK 


110 




40 




ns 




HOLD hold time 


tHDH 












ns 




HOLD setup time to trailing edge of 
CLK 


tHDS 


170 




120 




ns 




INTR hold time 


tjNH 












ns 




INTR.RST, TRAP setup time to 
trailing edge of CLK 


t|NS 


160 




150 




ns 




Address hold time after ALE 


tLA 


100 




50 




ns 




Trailing edge of ALE to leading edge 
of CONTROL 


tLC 


130 




60 




ns 




ALE low time during CLK high 


^LCK 


100 




50 




ns 




ALE to valid data input during read 


tLDR 




460 




270 


ns 




ALE to valid data during write 


tLDW/ 




200 




120 


ns 




ALE pulse width 


tLL 


140 




80 




ns 




ALE to READY stable 


tLRY 




110 




30 


ns 





E 
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AC Characteristics (cent) 

MPD8085A-2:TA = 0°Cto +70°C, Vcc = 5V±5% 

MPD8085AH, tiPD8085AH-2: Ta = 0°C to +70°C, Vcc = 5 V ± 10% 





Symbol 








Limits 




Unit 








MPD8085AH 




^PD8085AH-2, 


,mPD8085A-2 


Test 


Parameter 


Min 




Max 


Min 


Max 


Conditions 


Trailing edge of RD to re-enabling of 
address 


tRAE 


150 






90 




ns 




RD (or INTO) to valid data 


tpD 






300 




150 


ns 




Trailing edge of CONTROL to leading 
edge of next CONTROL 


tRV 


400 






220 




ns 




Data hold time after RD (INTO) 


'rdh 














ns 


(Note 7) 


READY hold time 


Iryh 














ns 




READY setup time to leading edge of 
CLK 


tRYS 


110 






100 




ns 




Leading edge data valid after trailing 
edge of WR 


two 


100 






60 




ns 




Leading edge of WR to data valid 


tWDL 






40 




20 


ns 





Note: _ _ 

(1) Ag-A-is address specs apply to lO/M. Sq and S-i except A8-A15 are undefined during T4-T6 of OF cycle whereas 10/ M, Sq and Si are stable. 

(2) Test conditions: tcyc = 320ns(8085AH)/200ns(8085A-2)CL = 150pF 

(3) For all output timing except where Cl = 150 pF use the following correction factors: 
25pF,CL = 150pF: -0.10ns/pF 

150pF, Cl=300pF: -i-0.3ns/pF 

(4) Output timings are measured with purely capacitive load. 

(5) All timings are measured as the following: 
Output voltage: Vl = 0.8 V, Vh = 2.0 V 
Input voltage: 1.5 V; tp tf = 20 ns 

(6) To calculate timing specifications at other values of tcvc 'Jse Bus Timing Specifications. 

(7) Data hold time Is guaranteed under all loading conditions. 



Bus Timing Specifications 

tcYC as a Dependent 







Timing Formula 






Symbol 


MPD8085AH 




)jPD8085A-2, 
HPD8085AH-2 




Min/Max 


tAL 


(1/2)tcY-45 




(1/2)tcY-50 




Min 


tlA 


(1/2)tcY-60 




(1/2)tcY-50 




Min 


tlL 


(1/2)tcY-20 




(1/2)tcY-20 




Min 


^LCK 


(1/2)tcY-60 




(1/2)tcY-50 




Min 


tLC 


(1/2)tcY-30 




(1/2)tcY-40 




Min 


tAD 


(5/2+N)tcY- 


225 


(5/2+N)tcY- 


150 


Max 


tRD 


(3/2+N)tcY- 


180 


(3/2+N)tcY- 


150 


Max 


Irae 


(1/2)tcY-10 




(1/2)tcY-10 




Min 


tCA 


(1/2)tcY-40 




(1/2)tcY-40 




Min 


tow 


(3/2+N)tcY- 


60 


(3/2+N)tcY- 


70 


Min 


two 


(1/2)tcY-60 




(1/2)tcY-40 




Min 





Timing Formula 




Symbol 


MPD8085A-2, 
MPD8085AH ^PD808SAH-2 


Min/Max 


kc 


(3/2+N)tcY-80 (3/2+N)tcY-70 


Min 


tCL 


(1/2)tcY-110 (1/2)tcY-75 


Min 


tARY 


(3/2)tcY-260 (3/2)tcY-200 


Max 


tRACK 


(1/2)tcY-50 (1/2)tcY-60 


Min 


tRABF 


(1/2)tcY+50 (1/2)tcY-50 


Max 


tRABE 


(1/2)tcY+50 (1/2)tcY-50 


Max 


tAC 


(2/2)tcY-50 (2/2)tcY-85 


Min 


tl 


(1/2)tcY-80 (1/2)tcY-60 


Min 


t2 


(1/2)tcY-40 (1/2)tcY-30 


Min 


tRV 


(3/2)tcY-80 (3/2)tcY-80 


Min 


Ildr 


(4/2+N)tcY-180 (4/2+N)tcY-130 


Max 



Note: 

(1) N = Number of WAIT state. 
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Timing Waveforms 

Clock Timing Waveform 




Hold Timing 



CLK 
HOLD 
HLDA 

BUS 



;^"i 



^c / \ 



Address Controls 






\ / — ^. r 



^f- 



8085 AH Bus Timing Read Operation 



Write Operation 



I T, 



ab-a,sd: 



AD„-AD,3)[; 



^'l 



t,nK ^ 



ZZ'^ 



d^ 



f- 



^ 



I T, 



AD0-AD7 ^ , Address j ^ Data Out 



J 



Aj-Ais _^ ^ Address 



"tlT'^ 



ZZli 



ilwD~». 



Read Operation with Wait Cycle (same Ready Timing Applies to Write Operation) 



I T, I T, I T„*„ I T3 I 



o: 



ADo-AD7 3[[ 



ALE 
RD/iNTA 



Address . >■ 



^«LC_C 



\®_ 



2^^_® 



"•— 'rdh^*" I ^*^ 



i— ( 



Notes: 

(2) READY must remain stable during Irys and (ryh 

(3) lO/M Is also floating during this time 
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Timing Waveforms (cont) 

Interrupt and Hold Timing 



INTR^^ 



Vis IDC 




HOLD. 
HLDA 



m 



\ / 



^i — C 



-Bus Floating - 



'HABE 



'^ 



'\ 



J-d 



/A. 



Notes: 

(2) READY must ramain stable during Irys and Iryh 

(3) lO/M Is also floating during this time 



Functional Description 

The /L(PD8085A contains six 8-bit data registers, an 8-blt 
accumulator, four testable flag bits, and an 8-bit parallel 
binary arithmetic unit. The mPD8085A also provides 
decimal arithmetic capability and it Includes 16-blt 
arithmetic and Immediate operators which greatly 
simplify memory address calculations, and high speed 
arithmetic operations. 

The mPD8(^5A has a stack architecture wherein any 
portion of the external memory can be used as a last 
in/first out (UFO) stack to store/ retrieve the contents of 
the accumulator, the flags, or any of the data registers. 

The ^PD8085A also contains a 16-bit stack pointer to 
control the addressing of this external stack. One of the 
major advantages of the stack is that multiple level 
Interrupts can easily be handled since complete system 
status can be saved when an Interrupt occurs and then 
restored after the interrupt Is complete. Another major 
advantage Is that almost unlimited subroutine nesting 
Is possible. 

The juPD8085A was designed with speed and simplicity 
of the overall system In mind. The multiplexed 
address/data bus Increases available pins for 
advanced functions In the processor and peripheral 



chips while providing increased system speed and less 
critical timing functions. All signals to and from the 
/iPD8085A are fully TTL-compatible. 

The internal interrupt structure of the fiPD8085A 
features 4 levels of prioritized Interrupt with three levels 
Internally maskable. 

Communication on both the address lines and the data 
lines can be Interlocked by using the HOLD input. When 
the hold acknowledge (HLDA) signal Is issued by the 
processor, its operation Is suspended and the address, 
data and control lines are forced to be In the FLOATING 
state. This permits other devices, such as direct 
memory access channels (DMA), to be connected to the 
address and data buses. 

The /iPD8085A features internal clock generation with 
status outputs available for advanced read /write timing 
and memory/ 10 instruction indications. The clock may 
be crystal controlled, RC controlled, or driven by an 
external signal. 

On-chip serial in/out port is available and controlled by 
the newly added RIM and SIM instructions. 
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Processor State Transition Diagram 



TreSET)-* RESET 




(READY + Bl)(1) 



READY + BI (1) 





Set 
HLDA FF 



©M1 /V\cK = 6 (2)/^ ^^. Yes 
'( ^* ) ^"^ ""''' = ^ ^ ■ 




Set 
HLDA FF 



kiMi) 



Set 
HLDA FF 





Notes: 

1. 81 indicates tliat tlie bus is idie during this macliine cycie. 

2. CK indicates the number of cloclc cycies in this machine cycle. 



Reset 
HALT FF 



Set 
iNTA FF 

Reset 
INTE FF 
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Clock Inputs 

As stated, the timing for the )uPD8085A may be 
generated in one of two ways: crystal, or external 
clock. Recommendationsforthese methods areshown 
below. Note the input frequency must be twice the 
internal operating frequency. 

Status Outputs 

The status outputs are valid during ALE time and have 
the following meaning: 



RC 





Si 


So 


Halt 








Write 





1 


Read 


1 





Fetch 1 1 



These pins may be decoded to portray the processor's 
data bus status. 

Interrupts 

The /1/PD8085A has five interrupt pins available to the 
user. INTR is operationally the same as the 8080 
interrupt request, three (3) internally maskable restart 
interrupts: RESTART 5.5, 6.5, and 7.5, and TRAP, a 
non-maskable restart. 



Priority 


Interrupt 


Restart 
Address 


Highest 


TRAP 


24i6 


1 


RST7.5 


3Ci6 


1 


RST6.5 


34i6 


1 


RST5.5 


2Ci6 


Lowest 


INTR 





INTR, RST 5.5 and RST 6.5 are all level sensing inputs 
while RST 7.5 is set on a rising-edge. TRAP, the highest 
priority interrupt, is non-maskable and is set on the 
rising-edge or positive level. It must make a low-to-high 
transition and remain high to be seen, but it will not be 
generated again until it makes another low-to-high 
transition. 



20 pF -p 



10K 



•» 3 MHz Input Frequency 
RC Resonance 



Crystal 



1-6 MHz Input Frequency 
Parallel Resonant Crystal 



For 1-6 MHz Input Frequency, 
Ci = C2 = 10 pF max. 



For 6-10 MHz Input Frequency, 
Ci = C2 = 5 pF max. 



External 



i>- 



-VW +5V 

470 



1-6 MHz 25-50% DC 
X2 not used 



Clock 
In" 



->- 



i>-^ 



6 MHz > 50% DC 

83-003834A 
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Serial I/O 

Serial input and output is accomplislied with two new 
instructions not included in the 8080: RIM and SIM. 
These instructions serve several purposes: serial I/O, 
and reading or setting the interrupt mask. 

The RIM (Read Interrupt Mask) instruction is used for 
reading the interrupt mask and for reading serial data. 
After execution of the RIM Instruction the ACC content 
is as follows: 





I 


I 


I 




M 


M 


M 


SID 


7.5 


6.5 


5.5 


IE 


7.5 


6.5 


5.5 


SERIA 


1 ^ ' 

PENDING 


1 ^ ' 

INTERRUPT 


DATA 


INTERRUPTS 


MASKS 


IN 


INTERRUPT 










en; 


\BL 


E 







Note: 

(1) After the TRAP interrupt, the RIM instruction must be executed to 
preserve the status of IE. 

The SIM (Set Interrupt Mask) instruction Is used to 
program the interrupt mask and to output serial data. 
Presetting the ACC for the SIM Instruction has the 
following meaning: 



SOD 


SOE 


X 


R 
7.5 


MSE 


M 
7.5 


M 
6.5 


M 
5.5 




RESET 
RST7.5 
ENABLE 




I 1 


SERIAL 
OUT 
DATA 


( 


I 

RST 

MASKS 

1 =SE1 


■) 



SERIAL 


MASK 


OUT 


SET 


DATA 


ENABLE 


ENABLE 


(1 = ENABLE) 


(1 = ENABLE) 





instruction Set 

The instruction set includes arithmetic and logical 
operators with direct, register, Indirect, and Immediate 
addressing modes. 

Move, load, and store instruction groups provide the 
ability to move either 8 or 16 bits of data between 
memory, the six working registers and the accumulator 
using direct, register. Indirect, and Immediate 
addressing modes. 

The ability to branch to different portions of the program 
is provided with direct, conditional, or computed jumps. 
Also, the ability to call and return from subroutines is 
provided both conditionally and unconditionally. The 
RESTART (or single byte call Instruction) is useful for 
interrupt vector operation. 



Conditional jumps, calls and returns execute based on 
the state of the four testable flags (sign, zero, parity and 
carry). The state of each flag is determined by the result 
of the last instruction executed that affected flags. (See 
Instruction Set Table) 

The sign flag is set (high) If bit 7 of the result is a "1"; 
otherwise it is reset (low). The zero flag is set if the result 
Is "0"; otherwise it is reset. The parity flag is set if the 
modulo 2 sum of the bits of the result Is "0" (even parity); 
otherwise (odd parity) it is reset. The carry flag Is set if 
the last instruction resulted in a carry or a borrow out of 
the most significant bit (bit 7) of the result; otherwise It 
Is reset. 

In addition to the four testable flags, the /.iPD8085A has 
another flag (ACY) that Is not directly testable. It is used 
for multiple precision arithmetic operations with the 
DAA instruction. The auxiliary carry flag is set if the last 
instruction resulted In a carry or a borrow from bit 3 into 
bit 4; otherwise it is reset. 

Double precision operators such as stack manipulation 
and double add instructions extend both the arithmetic 
and interrupt handling capability of the f^PDSOSSA. The 
ability to increment and decrement memory, the six 
general registers, and the accumulator are provided as 
well as extended increment and decrement instructions 
to operate on the register pairs and stack pointer. 
Further capability is provided by the ability to rotate the 
accumulator left or right through or around the carry bit. 

Input and output may be accomplished using memory 
addresses as I/O ports or the directly addressed I/O 
provided for in the ):iPD8085A instruction set. 

Two instructions, RIM and SIM, are used for reading and 
setting the internal interrupt mask as well as input and 
output to the serial I/O port. 

The special instruction group completes the f^PDSOSSA 
instruction set: NOP, HALT stop processor execution; 
DAA provides decimal arithmetic capability; STC sets 
the carry flag; CMC complements it; CM A complements 
the contents of the accumulator; and XCHG exchanges 
the contents of two 16-bit register pairs directly. 

Data and Instruction Formats 

Data In the /.iPD8085A Is stored as 8-bit binary Integers. 
All data/ instruction transfers to the system data bus 
are In the following format: 




Dt 


De 


Ds 


04 


D3 


D2 


Di 


Do 



MSB 



DATA WORD 



LSB 
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Instructions are one, two, or three bytes long. Multiple 
byte instructions must be stored in successive 
locations of program memory. The address of the first 
byte is used as the address of the instruction. 

One Byte Instructions 



D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


Two Byte Instructions 


D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 




D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


Three Byte Instructions 


D7 


De 


D5 


D4 


Ds 


D2 


Di 


Do 




D7 


De 


D5 


D4 


Ds 


D2 


Di 


Do 


















D7 


De 


D5 


D4 


Ds 


D2 


Di 


Do 



Typical Instructions 

OP CODE Register to register, memory 

referance, arithmetic or logical, 
rotate, return, push, pop, enable, 
or diable interrupt instructions 



OP CODE Immediate mode or I/O 
instructions 

OPERAND 



OP CODE Jump, call or direct load and store 
instructions 

LOW ADDRESS OR OPERAND 1 



HIGH ADDRESS OR OPERAND 2 
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Instruction Cycle Times 

One to five machine cycles (IVI-i-Ms) are required to 
execute an instruction. Each machine cycle involves the 
transfer of an instruction or data byte into the processor 
or a transfer of a data byte out of the processor (the sole 
exception being the double add instruction). The first 
one, two or three machine cycles obtain the instruction 
from the memory or an interrupting I/O controller. The 
remaining cycles are used to execute the instruction. 
Each machine cycle requires from three to five clock 
times (T1-T5). 

Machine cycles and clock states used for each type of 
instruction are shown below. 



Instruction 
type 


Machine 

Cycles Executed 

Min/Max 


Clock Status 
Min/Max 


ALUR 




4 


CMC 




4 


CM A 




4 


DAA 




4 


DCRR 




4 


Dl 




4 


El 




4 


INRR 




4 


MOV R, R 




4 


NOP 




4 


ROTATE 




4 


RIM 




4 


SIM 




4 


STC 




4 


XCHG 




4 


HLT 




5 


OCX 




6 


INX 




6 


PCHL 




6 



Instruction 
TVpe 


Machine 

Cycles Executed 

Min/Max 


Clock Status 
Min/Max 


RETCOND. 


1/3 


6/12 


SPHL 


1 


.6 


ALUI 


2 


7 


ALUM 


2 


7 


JNC 


2/3 


7/10 


LDAX 


2 


7 


MVI 


2 


7 


MOVM.R 


2 


7 


MOV R, M 


2 


7 


STAX 


2 


7 


CALLCOND. 


2/5 


9/18 


DAD 


3 


10 


DCRM 


3 


10 


IN 


3 


10 


INRM 


3 


10 


JMP 


3 


10 


LOAD PAIR 


3 


10 


MVIM 


3 


10 


OUT 


3 


10 


POP 


3 


10 


RET 


3 


10 


PUSH 


3 


12 


RST 


3 


12 


LDA 


4 


13 


STA 


4 


13 


LHLD 


5 


16 


SHLD 


5 


16 


XTHL 


5 


16 


CALL 


5 


18 
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Mnemonic(1) 



Description 



Move 



MOVd.s 



Move register to register 



Operation Code(2) 



D7 Dg P5 D4 P3 P2 Di Dp Cycles(3) 



Fla9S(4) 



Sign 



Zero Parity Carry 



MOV M , s Move register to memory 


D 1 


1 


1 





3 S 


S 


7 








MOVd, M Move memory to register 


3 1 


d 


d 


d 


1 1 





7 


MVI d, D8 Move immediate to register 


3 


d 


d 


d 


1 1 





7 


MVI M , D8 Move immediate to memory 


3 


1 


1 





1 1 





10 


Increment /Decrement 


INRd Increment register 


3 


d 


d 


d 


1 





4 < 








DCR d Decrement register 


3 


d 


d 


d 


1 


1 


4 « 








INRM Increment memory 


3 


1 


1 





1 





10 " 








DCR M Decrement memory 


3 


1 


1 





1 


1 


10 « 








ALU — Register to Accumulator 








ADDS Add register to A 














3 S 


s 


4 < 






» • 


ADC s Add register to A with carry 











1 


3 s 


s 


4 • 






> • 


SUBs Subtract register from A 








1 





3 s 


s 


4 • 






» • 


SUBB s Subtract register from A with borrow 








1 


1 


3 s 


s 


4 < 






t • 


ANA s AI\ID register with A 





1 








3 S 


s 


4 • 






• 


XRA s Exclusive OR register with A 





1 





1 


3 S 


s 


4 • 






► 


ORA s OR register with A 





1 


1 





3 S 


s 


4 « 









CMP s Compare register with A 





1 


1 


1 


3 S 


s 


4 « 








ALU - H/lemory to Accumulator 










ADD M Add memory to A 



















7 « 








ADC M Add memory to A with carry 











1 







7 « 








SUB M Subtract memory from A 








1 










7 • 








SBB M Subtract memory from A with borrow 








1 


1 







7 « 








ANA M AND memory with A 





1 













7 « 






► 


XRA M Exclusive OR memory with A 





1 





1 







7 ' 






► 


ORA M OR memory with A 





1 


1 










7 « 






► 


CMPM Compare memory with A 


111 







7 « 






> • 


ALU — Immediate to Accumulator 












ADID8 Add immediate to A 


1 
















7 « 






• 


ACI D8 Add immediate to A with carry 


1 








1 







7 « 






• 



o 

00 

o 
> 



g 

^ 



Instruction Set (cont) 





Description 






Operation Code(2) 






Cycles(3) 




Flags(4) 




Mnemonic(l) 


D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


Sign 


Zero Pa 


ity Carry 


ALU — Immediate to Accumulator (cont) 




SUID8 


Subtract immediate from A 









1 












7 






• 


SBID8 


Subtract immediate from A with borrow 









1 


1 









7 






> • 


ANID8 


AND immediate with A 






1 















7 






• 


XRID8 


Exclusive OR immediate with A 






1 





1 









7 






• 


0RID8 


OR immediate with A 






1 


1 












7 






► 


CPID8 


Compare immediate with A 






1 


1 


1 









7 






t • 


ALU -Rotate 


RLC 


Rotate A left, MSB to carry {8-bit) 

















1 


1 


1 


4 






• 


RRC 


Rotate A right, LSB to carry (8-bit) 














1 


1 


1 


1 


4 






• 


RAL 


Rotate A left through carry (9-bit) 











1 





1 


1 


1 


4 






• 


RAR 


Rotate A right through carry (9-bit) 











1 


1 


1 


1 


1 


4 






• 


Jump 


JMPADDR 


Jump unconditional 




















1 


10 








JNZADDR 


Jump on not zero 























7/10 








JZ ADDR 


Jump on zero 












1 










7/10 








JNCADDR 


Jump on no carry 









1 













7/10 








JC ADDR 


Jump on carry 









1 


1 










7/10 








JPO ADDR 


Jump on parity odd 






1 
















7/10 








JPEADDR 


Jump on parity even 






1 





1 










7/10 








JPADDR 


Jump on positive 






1 


1 













7/10 








JMADDR 


Jump on minus 






1 


1 


1 










7/10 








Call 


CALL ADDR 


Call unconditional 



















1 


18 








CNZADDR 


Call on not zero 






















9/18 








CZ ADDR 


Call on zero 






















9/18 








CNCADDR 


Call on no carry 









1 












9/18 








CC ADDR 


Call on carry 









1 












9/18 








CPO ADDR 


CAII on parity odd 






1 















9/18 








CPE ADDR 


Call on parity even 






1 















9/18 








CPADDR 


Call on positive 






1 


1 













9/18 








CM ADDR 


Call on minus 






1 


1 












9/18 









?5 



'O 
D 
00 

o 

00 
01 

> 
> 




Instruction Set (cont) 





Description 






Operation Code(2) 






Cycles(3) 


Flags(4) 


Mnemonic(l) 


D? 


De 


Ds 


D4 


D3 


D2 


Di 


Do 


Sign Zero Parity Carry 


Call (cont) 


Return 


RET 


Return 




















1 


10 




RNZ 


Return on not zero 























6/12 




RZ 


Return on zero 























6/12 




RNC 


Return on no carry 









1 













6/12 




RC 


Return on carry 









1 













6/12 




RPO 


Return on parity odd 






1 
















6/12 




RPE 


Return on parity even 






1 
















6/12 




RP 


Return on positive 






1 


1 













6/12 




RM 


Return on minus 






1 


1 













6/12 




Load Register Pair 


LXI B, D16 


Load immediate register pair BC 























1 


10 




LXI D, D16 


Load immediate register pair DE 











1 











1 


10 




LXI H, D16 


Load immediate register pair HL 








1 














1 


10 




LXI SP, D16 


Load immediate stack pointer 








1 


1 











1 


10 




Push 


PUSHB 


Push register pair BC on stack 


1 


1 











1 





1 


12 




PUSHD 


Push register pair DE on stack 


1 


1 





1 





1 





1 


12 




PUSHH 


Push register pair HL on stack 


1 


1 


1 








1 





1 


12 




PUSH PSW 


Push A and flags on stack 


1 


1 


1 


1 





1 





1 


12 




Pop 


POPB 


Pop register pair BC off stack 


1 


1 

















1 


10 




POPD 


Pop register pair DE off stack 


1 


1 





1 











1 


10 




POPH 


Pop register pair HL off stack 


1 


1 


1 














1 


10 




POP PSW 


Pop A and flags off stack 


1 


1 


1 


1 











1 


10 


• • • • 


Double Add 


DADR 


AddBCtoHL 














1 








1 


10 


• 


DADD 


AddOEtoHL 











1 


1 








1 


10 


• 


DADH 


Add HI to HL 








1 





1 








1 


10 


• 


DADSP 


Add stack pointer to HL 








1 


1 


1 








1 


10 


• 



Tl 
D 
00 

o 

00 
01 

> 
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Instruction Set (cont) 





Description 






Operation Code(2) 






Cycles(3) 


Flags(4) 


Mnemonic(1) 


D7 


De 


Ds 


D4 


D3 


D2 


Dl 


Do 


Sign Zero Parity Carry 


Increment Register Pair 


INXB 


Increment BC 
























6 




INXD 


Increment DE 











1 












6 




INXH 


Increment HL 








1 















6 




INXSP 


Increment stack pointer 








1 


1 












6 




Decrement Register 


Pair 






















DCXB 


Decrement BC 














1 









6 




DCXD 


Decrement DE 











1 


1 









6 




DCXH 


Decrement HL 








1 





1 









6 




DCXSP 


Decrement stack pointer 








1 


1 


1 









6 




Register Indirect 


STAXB 


Store A at ADDR in BC 




















1 





7 




STAXD 


Store A at ADDR in DE 











1 








1 





7 




LDAX B 


Load A at ADDR in BC 














1 





1 





7 




LDAXD 


Load A at ADDR in DE 











1 


1 





1 





7 




Direct 


STAADDR 


Store A direct 








1 


1 








1 





13 




LDA ADDR 


Load A direct 








1 


1 


1 





1 





13 




SHLDADDR 


Store HL direct 








1 











1 





16 




LHLD ADDR 


Load HL direct 








1 





1 





1 





16 




Move Register Pair 


XCHG 


Exchange DE and HL register pairs 


1 


1 


1 





1 





1 


1 


4 




XTHL 


Exctiange top of stack and HL 


1 


1 


1 











1 


1 


16 




SPHL 


HL to stack pointer 


1 


1 


1 


1 


1 








1 


6 




PCHL 


HL to program counter 


1 


1 


1 





1 








1 


6 




Input /Output 


IN A 


Input 


1 


1 





1 


1 





1 


1 


10 




OUT A 


Output 


1 


1 





1 








1 


1 


10 




El 


Enable interrupts 


1 


1 


1 


1 


1 





1 


1 


4 




Dl 


Disable interrupts 


1 


1 


1 


1 








1 


1 


4 




RIM 


Read interrupt mask 








1 

















4 




SIM 


Set interrupt mask 








1 


1 














4 




RSTA 


Restart 


1 


1 


A 


A 


A 


1 


1 


1 


12 








■0 
D 
00 

o 

00 

> 
> 




;^ Instruction Set (cont) 





Description 






Operation 


Code(2) 






Cycles(3) 




Flags(4) 




Mnemonic(l) 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 


Sign 


Zero Parity 


Carry 


Miscellaneous 


CMA 


Complement A 








1 





1 


1 


1 


1 


4 








STC 


Set carry 








1 


1 





1 


1 


1 


4 








CMC 


Complement carry 








1 


1 


1 


1 


1 


1 


4 






1/Cy 


DAA 


Decimal adjust A 








1 








1 


1 


1 


4 


• 


• • - 


• 


NOP 


No operation 


























4 








HLT 


Halt 





1 


1 


1 





1 


1 





5 









Note: 

(1) Operand symbols used 

A = 8-bit address or expression 

s = source register 

d = destination register 

PSW = Processor status word 

SP = Staci< pointer 

D8 = 8-bit data quantity, expression, or constant, always B2 of instruction 

D16 = 16-bit data quantity, expression, or constant, always B3B2 of instruction 

ADDR = 16-bit memory address expression 

(2) ddd or sss = 000-B, 001-C, 010-D, 011-E, 100-H, 101-L, 110-Memory, 111-A 

(3) Two possible cycle times (7/10) indicate instruction cycles dependent on condition flags. 

(4) • = flag affected 

= flag not affected 

= flag reset 

1 = flag set 



■0 
O 
00 
O 
00 
01 

> 
> 
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|uPD8085A Family Minimum System 
Configuration 

A minimum computer system consisting of a processor, packs. Tiiis system is shown below witli its address, 
ROM, RAM, and I/O can be built with only 3 40-pin data, control buses and I/O ports. 



Three Pack Computer System 



I 



en 



: : :: ':. 



J 

I 



LLil 



PORTA 

I 



PORTC 

I 



RST7.5 RST6.5 RST 5.S TRAP 



SID SOD SI SO 



X2 
ADo 



AOo- 

AOi 

AO2 

AD3 

AO4 

AD5 

AGs 

AO7 ' 



A12 



mPOSOSSA PROCESSOR 3 

O 

uj 'S>^'''Sq''|^ 

---AD7A8 A,s j IS 11 5 g d I - g I 



lo/n 



INTR ■ 
INTA 



PORTB 

n ( ' 1 



PAo PA7 PCo PCg PBo PB7 



«iPD81S6 RAM-i/0 (2S6 X 8) 



ADo AD7 o < lee e g ce 



FEATURES OF (iPDSOSSA 


MINIMUM SYSTEM 


2K 


- BYTE ROM 


256 


- BYTE RAM 


1 


- INTERVAL TIMER 


4 


-8 BIT I/O PORTS 


1 


- 6-BIT l/0-STATUS 


4 


- INTERRUPT LEVELS 



TIMER 
' OUT 



liPD835S ROM-I/O 
UPOS7S5A PROM-l/0 2K X 8 



PAo 



— - PA7 



PBq- 



■PB7 
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ptPD8086 
16-BIT MICROPROCESSOR 



Description 

The |uPD8086 is a 16-bit microprocessor that has both 
8-bit and 16-bit attributes. It has a 16-bit wide physical 
path to memory for high performance. Its architecture 
allows higher throughput than the 5 MHz fiPD8085A-2. 

The maximum operating frequency of the /iPD8086 is 
5 MHz. The f^PD8086-2 is an 8-MHz version. 

Features 

D Can directly address 1 megabyte of memory 
D Fourteen 16-bit registers with symmetrical 

operations 
n Bit, byte, word, and block operations 
D 8- and 16-bit signed and unsigned binary or decimal 

arithmetic operations 
D Multiply and divide instructions 
D 24 operand addressing modes 
D Assembly language compatible with the mPD8080/ 

8085 
D Complete family of components for design 

flexibility 



Pin Identification 



Ordering Information 




Part Number 


Package Type 


Max Frequency 
of Operation 


//PD8086D 


40-pin ceramic DIP 


5 MHz 


/iPD8086D 


40-pin cerdip 


5 MHz 


A/PD8086D-2 


40-pin cerdip 


8 MHz 



Pin Configuration 













GND C 


1 '^ 


J 40 


3Vcc 


AD14C 


2 


39 


:3 AD15 




AD13C 


3 


38 


3 kKlSz 




AD12C: 


4 


37 


3 A17/S4 




AD11 c 


5 


36 


:: Aia/ss 




ADioC 


6 


35 


3 A19/S6 




AD9C 


7 


34 


3 BHE/S7 




ADsC 


8 


33 


U MN/MX 




AD7C 


9 


32 


3 RD 




ADe C 


10 1 


! '■' 


3 HOLD 


(RQ/GTo) 


AD5 C 


11 g 30 


3 HLDA 


(RQ/GT1) 


AD4C 


12 


29 


D WR 


(LOCK) 


AD3C 


13 


28 


3 M/io 


(^ 


AD2 c 


14 


27 


3 DT/R 


(Si) 


ADi C 


15 


26 


3 BiN 


(So) 


ADoC 


16 


25 


DALE 


(QSo) 


NMI C 


17 


24 


Difm 


(QSi) 


INTR C 


18 


23 


DTEST 




CLK C 


19 


22 


3 READY 




GND C 


20 


21 


3 RESET 


83^)02e02A 











No. 


Symbol 


Function 




1,20 


GND 


Ground 




2-16, 39 


AD0-AD15 


Address /data bus 




17 


NMI 


Non-maskable interrupt 




18 


INTR 


Interrupt request 




19 


CLK 


Clock 




21 


RESET 


Reset 




22 


READY 


Ready 




23 


TEST 


Test 




24 


INTA 


Interrupt acknowledge 




25 


ALE 


Address latch enable 




26 


DEN 


Data enable 




27 


DT/R 


Data transmit /receive 




28 


M/iO 


Memory/ 10 status 




29 


WR 


Write 




30 


HLDA 


Hold acknowledge 




31 


HOLD 


Hold 




32 


RD 


Read 




33 


MN/MX 


Minimum /maximum 




34 


BHE/S7 


Bus /high enable 




35-38 


A16-A19 


Most significant address bits 




26-28, 34-38 


S0-S7 


Status outputs 




24, 25 


QSi, QSo 


Queue status 




29 


LOCK 


Lock 




30,31 


RQ/GTq 
RQ/GT1 


Request /grant 




40 


Vcc 


Power supply 
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Pin Functions 

Ground 

Ground. 

Address /Data Bus 

Multiplexed address (T1) and data (T2, T3, TW, T4) bus. 8- 
blt peripherals tied to the lower 8 bits use Aq to condi- 
tion chip select functions. These lines are three-state 
during interrupt acknowledge and hold states. 

Non-Maskable Interrupt 

This is an edge-triggered input causing a type 2 inter- 
rupt. A look-up table is used by the processor for vector- 
ing Information. 

Interrupt Request 

A level-triggered input sampled on the last clock cycle 
of each instruction. Vectoring is via an interrupt look-up 
table. INTR can mask In software by resetting the inter- 
rupt enable bit. 

Clock 

The clock input is a Vs duty cycle input basic timing for 
the processor and bus controller. 

Reset 

This active high signal must be high for 4 clock cycles. 
When it returns low, the processor restarts execution. 

Ready 

An acknowledgement from memory or I/O that data will 
be transferred. Synchronization is done by the nPD8284 
clock generator. 

Test 

This input is examined by the WAIT instruction, and if 
low, execution continues. Otherwise the processor 
waits in an idle state. Synchronized by the processor on 
the leading edge of CLK. 

Interrupt Acknowledge 

This Is a read strobe for reading vectoring information. 
During T2, T3, and TW of each interrupt acknowledge 
cycle it is low. 

Address Latch Enable 

This is used in conjunction with the ^PD8282/8283 
latches to latch the address, during T1 of any bus cycle. 



Data Enable 

This is the output enable for the mPD8282/8287 trans- 
ceivers. It i s acti ve low during each memory and I/O 
access and INTA cycles. 

Data Transmit/ Receive 

Used to control the direction of data flow through the 
transceivers. 

Memory/10 Status 

This is used to separate memory access from I/O 
access. 

Write 

Depending on the state of the M/IO line, the processor 
is either writing to I/O or memory. 

Hold Acknowledge 

A response to the HOLD input, causing the processor to 
three-state the local bus. The bus becomes active one 
cycle after HOLD goes low again. 

Hold 

When another device requests the local bus, driving 
HOLD high will cause the mPD8086 to issue a HLDA. 

Read 

Depending on the state of the M/lO line, the processor 
is reading from either memory or I/O. 

Minimum/Maximum 

This input is to tell the processor which mode it is to be 
used in. This effects some of the pin descriptions. 

Bus/High Enable 

This is used in conjunction with the most significant 
half of the data b us. Peripheral devices on this half of 
the bus use BHE to condition chip select functions. 

Most Significant Address Bits 

These are the four most significant address bits for 
memory operations. Low during I/O operations. 

Status Outputs 

These are the status outputs from the processor. They 
are used by the )jPD8288 to generate bus control sig- 
nals. 
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Queue Status 

Used to track the internal /uPD8086 instruction queue. 

Lock 

Tliis output is set by tlie LOCK instruction to prevent 
otfier system bus masters from gaining control. 



Request /Grant 

Other local bus masters can force the processor to re- 
base the local bus at the end of the current bus cycle. 

Vcc 

This is the +5 V power supply. 



Block Diagram 



Register File 



Data, 

Pointer, And 

Index Regs 

(8 Words) 



V 



Flags 



TEST ♦- 
INT ♦- 



NMI -• 
RJO/GTo, 



■■'CO 



HOLD*- 
HLDA *- 



Bus interface Unit 

' Relocation ' 
Register File 



Segment 
Registers 

And 

instruction 

Pointer 

(5 Words) 



iA 



Bus 

interface 

Unit 



-•- BHE/S7 
A19/S6 



■V aJ 



=> 



6Byte 

instruction 

Queue 



Control & Timing 



TT 



CLK RESET READY MN/MX GND 
Vcc 



A16/S3 
AD15-AD0 



DT/R, DEN,ALE 



QSo, QSi 



82, Si, So 
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Absolute Maximum Ratings 

Ta = 25°C 



Power supply voltage, Vcc 


-1.0Vto+7V 


Operating temperature, Tqpt 


0°Cto+70°C 


Storage temperature, Tstg 


-65<'Cto+150°C 


Power dissipation, Pd 


2.5W 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 

fr. = 1.0 MHz 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVp 


Max 


Conditions 


Input 
capacitance 


C| 






15 


PF 


(Notel) 


I/O 
capacitance 


C|0 






15 


PF 


(Note 2) 



Note: 

(1) All input pins except ADq-ADis and RQ/GT. 

(2) Only input pins AD0-AD15 and RQ/GT. 

AC Cliaracteristics 



DC Cliaracteristics 

TA = 0°CtO -f70°C,Vcc= -1-5 V ±10% 





Symbol 




Limlti 


( 


Unit 


Test 


Parameter 


Min 


TVp 


Max 


Conditions 


Input voltage 
low 


VlL 


-0.5 




+0.8 


V 




Input voltage 
high 


V|H 


2 




Vcc +0.5 


V 




Output voltage 
low 


Vol 






-hO.45 


V 


l0L=2.5mA 


Output voltage 
high 


VOH 


2.4 






V 


Ioh=-400mA 


Input clock 
voltage low 


VCL 


-0.5 




+0.6 


V 




Output clock 
voltage high 


VCH 


3.9 




Vcc +1.0 


V 




Input leakage 
current 


III 






±10 


mA 


OV<V|N<Vcc 


Output leakage 
current 


Ilo 






±10 


^,A 


0.45V<VouT< 

Vcc 



Power supply Ice 

current 

nPD8086/ 

fiPD8086-2 



340 mA Ta=25°C 



350 mA Ta=25°C 



Minimum Complexity System 

nPD8086: Ta = 0°C to +70°C, Vcc = 5 V ± 10% 





Symbol 






Limits 




Unit 






fjPD8086 




^PD8086-2 




Test 


Parameter 


Min 


Max 


Min 


Max 


Conditions 


CLK cycle period 


tCLCL 


200 


500 


125 


500 


ns 




CLK low time 


tCLCH 


(2/3tcLCL)-15 




(2/3tcLCL)-15 




ns 




CLK high time 


tCHCL 


(1/3tcLCL)+2 




(1/3tcLCL)+2 




ns 




CLK rise time 


tCH1CH2 




10 




10 


ns 


From1.0Vto3.5V 


CLK fall time 


tCL2CL1 




10 




10 


ns 


From3.5Vto1.0V 


Data in setup time 


tDVCL 


30 




20 




ns 




Data in hold time 


*CLDX 


10 




10 




ns 




READY setup time into f<PD8284 


tRWCL 


35 




35 




ns 


(Notes 1 & 2) 


READY hold time into fiPD8284 


'CLRIX 












ns 


(Notes 1 & 2) 


READY setup time Into ;.(PD8086 


tRYHCH 


(2/3tcLCL)-15 




(2/3tcLCL)-15 




ns 




READY hold time into MPD8086 


tCHRYX 


30 




20 




ns 




READY inactive to CLK 


Irylcl 


-8 




-8 




ns 


(Note 3) 


HOLD setup time 


tHVCH 


35 




20 




ns 




INTR.NMI, TEST setup time 


tiNVCH 


30 




15 




ns 


(Note 2) 


Input rise time 


*ILIH 




20 




20 


ns 


From 0.8 V to 2.0 V 


Input fall time 


tjHIL 




12 




12 


ns 


From 2.0 V to 0.8 V 
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AC Characteristics (cent) 



Timing Responses 

MPD8086: Ta = 0°C to +70°C, Vqc 


= 5V±10% 






















Limits 




Unit 






fjPD8086 




MPD8086-2 




Test 


Parameter 


Symbol 


Min 


Max 


Min 


Max 


Conditions 


Address valid delay 


tCLAV 


10 


110 


10 


60 


ns 


(Note 4) 


Address hold time 


tCLAX 


10 




10 




ns 


(Note 4) 


Address float delay 


tCLAZ 


tCLAX 


80 


tCLAX 


50 


ns 


(Note 4) 


ALE width 


>LHLL 


tCLCH-20 




tCLCH-10 




ns 


(Note 4) 


ALE active delay 


tCLLH 




80 




50 


ns 


(Note 4) 


ALE inactive delay 


tCHLL 




85 




55 


ns 


(Note 4) 


Address hold time to ALE inactive 


kLAX 


tCHCL-10 




tCHCL-10 




ns 


(Note 4) 


Data valid delay 


tCLDV 


10 


110 


10 


60 


ns 


(Note 4) 


Data hold time 


tCHDX 


10 




10 




ns 


(Note 4) 


Data hold time after WR 


tWHDX 


tCLCH-30 




tCLCH-30 




ns 


(Note 4) 


Control active delay 1 


tCVCTV 


10 


110 


10 


70 


ns 


(Note 4) 


Control active delay 2 


tCHCTV 


10 


110 


10 


60 


ns 


(Note 4) 


Control active delay 


'CVCTX 


10 


110 


10 


70 


ns 


(Note 4) 


Address float to READ active 


tAZRL 












ns 


(Note 4) 


RD active delay 


tCLRL 


10 


165 


10 


80 


ns 


(Note 4) 


RD inactive delay 


'CLRH 


10 


150 


10 


80 


ns 


(Note 4) 


RD inactive to next address active 


Irhav 


tCLCL-45 




tCLCL-40 




ns 


(Note 4) 


HLDA valid delay 


tCLHAV 


10 


160 


10 


100 


ns 


(Note 4) 


RD width 


Irlrh 


2tCLCL-75 




2tcLCL-50 




ns 


(Note 4) 


WR width 


%LWH 


2tcLCL-60 




2tcLCL-40 




ns 


(Note 4) 


Address valid to ALE low 


Wal 


tCLCH-60 




tCLCH-40 




ns 


(Note 4) 


Output rise time 


tOLOH 




20 




20 


ns 


From 0.8 V to 2.0 V 


Output fall time 


tOHOL 




12 




12 


ns 


From 2.0 V to 0.8 V 



Note: 

(1) Signal at fiPD8284 shown for reference only. 

(2) Setup requlrennent for asynchronous signal only to guarantee recognition at next CLK. 

(3) Applies only to T2 state. (8 ns Into T3) 

(4) Cl = 20-100 pF for all jiPDSOae outputs (in addition to /.iPD8086 self-load). 
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AC Characteristics (cent) 

Maximum Mode System with [xPB8288 Bus Controller 

MPD8086: Ta = 0°C to +70°C, Vqc = 5 V ± 10% 





Symbol 






Limits 




Unit 






^PD8086 




^PD8086-2 




Test 


Parameter 


Min 


Max 


Nlin 


IHax 


Conditions 


CLK cycle period 


'CLCL 


200 


500 


125 


500 


ns 




CLK low time 


tCLCH 


(2/3tcLCL)-15 




(2/3tcLCL)-15 




ns 




CLK high time 


tCHCL 


(1/3tcLCL)+2 




(1/3tcLCL)+2 




ns 




CLK rise time 


tCH1CH2 




10 




10 


ns 


From1.0Vto3.5V 


CLK fall time 


tCL2CL1 




10 




10 


ns 


From 3.5 V to 1.0 V 


Data in setup time 


^DVCL 


30 




20 




ns 




Data in hold time 


tCLDX 


10 




10 




ns 




READY setup time into ^(PD8284 


Irivcl 


35 




35 




ns 


(Notes 1 & 2) 


READY hold time into f/PD8284 


tCLRIX 












ns 


(Notes 1& 2) 


READY setup time into mPD8086 


Iryhch 


(2/3tcLa)-15 




(2/3tcLCL)-15 




ns 




READY hold time into jiPD8086 


tCHRYX 


30 




20 




ns 




READY inactive to CLK 


tRYLCL 


-8 




-8 




ns 


(Note 5) 


INTR.NMI, TEST setup time 


tjNVCH 


30 




15 




ns 


(Note 2) 


RQ/GT setup time 


^GVCH 


30 




15 




ns 




RQ hold time into /^PD8086 


tCHGX 


40 




30 




ns 




Input rise time 


t|LIH 




20 




20 


ns 


From 0.8Vto 2.0V 


Input fall time 


t|HIL 




12 




12 


ns 


From 2.0 V to 0.8 V 
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AC Characteristics (cont) 

Timing Responses 

MPD8086: Ta = 0°C to +70°C, Vqc = 5 V ± 10% 





Symbol 






Limits 




Unit 






MPD8086 




fiPD8086-2 




Test 


Parameter 


Min 


Max 


Min 


Max 


Conditions 


Command active delay 


tCLML 


10 


35 


10 


35 


ns 


(Notes 1& 4) 


Command inactive delay 


*CLMH 


10 


35 


10 


35 


ns 


(Notes 1& 4) 


READY active to status passive 


tRYHSH 




110 




65 


ns 


(Notes 3 & 4) 


Status active delay 


tCHSV 


10 


110 


10 


60 


ns 


(Note 4) 


Status inactive delay 


tCLSH 


10 


130 


10 


70 


ns 


(Note 4) 


Address valid delay 


tCLAV 


10 


110 


10 


60 


ns 


(Note 4) 


Address hold time 


tCLAX 


10 




10 




ns 


(Note 4) 


Address float delay 


tCLAZ 


tCLAX 


80 


tCLAX 


50 


ns 


(Note 4) 


Status valid to ALE high 


tSVLH 




15 




15 


ns 


(Notes 1 & 4) 


Status valid to MCE high 


tSVMCH 




15 




15 


ns 


(Notes 1& 4) 


CLK low to ALE valid 


tCLLH 




15 




15 


ns 


(Notes 1& 4) 


CLK low to MCE high 


tCLMCH 




15 




15 


ns 


(Notes 1& 4) 


ALE inactive delay 


tCHLL 




15 




15 


ns 


(Notes 1& 4) 


MCE inactive delay 


tCLMCL 




15 




15 


ns 


(Notes 1& 4) 


Data valid delay 


tCLDV 


10 


110 


10 


60 


ns 


(Note 4) 


Data hold time 


tCHDX 


10 




10 




ns 


(Note 4) 


Control active delay 


tCVNV 


5 


45 


5 


45 


ns 


(Notes1&4) 


Control inactive delay 


tcVNX 


10 


45 


10 


45 


ns 


(Notes 1 & 4) 


Address float to READ active 


tAZRL 












ns 


(Note 4) 


RD active delay 


tCLRL 


10 


165 


10 


100 


ns 


(Note 4) 


RD inactive delay 


tCLRH 


10 


150 


10 


80 


ns 


(Note 4) 


RD inactive to next address active 


tRHAV 


tCLCL-45 




tcLCL-40 




ns 


(Note 4) 


Direction control active delay 


tCHDTL 




50 




50 


ns 


(Notes 1& 4) 


Direction control inactive delay 


tCHDTH 




30 




30 


ns 


(Notes 1& 4) 


3T active delay 


tCLGL 





85 





50 


ns 


(Note 4) 


21 inactive delay 


tCLGH 





85 





50 


ns 


(Note 4) 


,^ width 


tRLRH 


2tcLCL-50 




2tCLCL-50 




ns 


(Note 4) 


Dutput rise time 


tOLOH 




20 




20 


ns 


From 0.8 V to 2.0 V 


)utput fall time 


tOHOL 




12 




12 


ns 


From 2.0 V to 0.8 V 



tlote: 

1) Signal at (.(PB8284 or (.(PB8288 shown for reference only. 

2) Setup requirennent for asynctironous signal only to guarantee recognition at next CLK. 

3) Applies only to T3 and wait states. 

1) Cl = 20-100 pF for all ^PD8086 outputs (in addition to /jPD8086 self-load). 
5) Applies only to T2 state. (8 ns intoTS). 
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AC Timing Waveforms 

Minimum Complexity Systems (Note 4) 




READ CYCLE (Note 1) 
(WR,INTA = V0H) 



Note: 

(1) All signals switch between Vqh and Vol unless otherwise specified. 

(2) RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be 
inserted. 

(3) Signals at |^PD8284 are shown for reference only. 

(4) All timing measurements are made at 1.5 V unless otherwise noted. 
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AC Timing Waveforms (cont) 

Minimum Complexity Systems (Note 3) 



VcHj 
CLK (8284 Output) j 
VCL- 



BHE/S7,A19/S6-Ai6/S3 



J L _J L_tCL2CL1 TW 



WRITE CYCLE (Note 1) 
(RD.INTA, - 
DT/R = Voh) 



INTA CYCLE (Note IS 2) 

(RD,WR = V0H 

BHE = Vol) 




SOFTWARE HALT 
DEN. RD.WR, INTA = VoH 



Note: 

(1) All s ignal s switch between VoH and Vql unless otherwise specified. 

(2) Two I NTA cycles run bacl(-to-back. The mPPBOS S loca l ADDR/Data Bus is floating during both 
iNTA cycles. Control signals shown for second INTA cycle. 

(3) All timing measurements are made at 1.5 V unless otherwise noted. 
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AC Timing Waveforms (cont) 

Maximum Mode System Using iJiPB8288 Controiler(Note 5) 




Note: 

(1) AH signals switch tMtween VoH snd Vol unless otiienNise specified. 

(2) RI}Y is sampled near the end of T2, T3, TW to detennlne if TW machines states are to lie 
inserted. 

(3) Signals at 8284 or 6288 are shown for reference only. 

(4) The iss u ance of the 8288 command and control signals (MRDC, MWTC, AMWC, lORC, lOWC, 
AlOWC, INTA and DEN) lags the active high 8288 CEN. 

(5) All timing measurements are made at 1.5 V unless otherwise noted. 

(6) Status inactive in state just prior to T4. 
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AC Timing Waveforms (cont) 

Maximum Mode System Using iiPB8288 Controller (Note 6) 



VCH 
CLK 
VCL 



1 — v_j — \^ — u^^^v^ 



S2,S,, So (EXCEPT HALT) 
WRITE CYCLE (Note 1) 

AD15-AD0 



AD15-AD0 
(SEE NOTE 2 & 3) 

INTA CYCLE (Note 1) 



8288 OUTPUTS. ,„„ 
(Note 4 & 5)^ '"'* 



DEN 
SOFTWARE HALT- 

( DEN=Vol;RD, MRDi 

lORC, M Wre.AMWC . lOWC, 

AIOWC,INTA = Voh) 

AD)5-ADo 




v 



/ 



Note: 

(1) All signals switch between Vqh and Vql unless ot herwi se specified. 

(2) Cas cade address Is valid between firet and second INTA cycle. 

(3) TWo I NTA cycles nin back-to-back. The ^P08086 local ADDR< Data B us Is floating during both 
INTA cycles. Control for pointer address Is shown for second INTA cycle. 

(4) Signals at 8284 or 8288 are shown for reference only. 

(5) The Iss u ance of the 8288 command and control signals (MROC, MWTC, AMWC, lORC, lOWC, 
AlOWC, INTA and DEN) lags the active high 8288 CEN. 

(6) All timing measurements are made at 1.5 V unless otherwise noted. 

(7) Status Inactive In state just prior to T4. 
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Timing Waveforms 

Asynchronous Signal Recognition 



Bus Lock Signai Timing 




NMI 
INTR 
TECT 

Note: 

(1) Setup requirements for asynchronous signals 
only to guarantee recognition at next CLK. 



, ANY CLK .1 

" CYCLE ""n 



ANY CLK 
CYCLE 



♦— tCLAV — ► ■•— ICLAV 



Request/ Grant Sequence Timing* 



f—Kh — ^'CLGHy— V tC 



ANY CLK 
" CYCLE " 



7 



OCLK 
"CYCLE' 



♦•tCHGX* 



A 



VZ" "^-^x-jt^ 



PULSE2 
8086 GT 



PREVIOUS GRANT 



PULSE 1 _ 
COPROCESSOR RQ 



ADis-ADo j_ 
Ai9/Sg-Ai6/S3 .'^ 
S2, Si.So, 
RD, LOCK »- 
BHE/S7 



(1)1)10 coprocessor may not drive the buses outside the region shown without risking contention. 
* for Maximum IMode only 



\ PULSES 
COPROCESSOR 



A 1 >. 



COPROCESSOR 



(Notel) 



X 



Hold / Moid Acl(nowledge Timing* 



^x-uTu ^n^ jTu ^^^ f\ 



/ 



■ >1 CLK CYCLE - 

-i I 



ADis-ADq, ^ 
Ai9/S6-Ai6>S3, 

RD, BH|;sJ^^M;lO, 
dt;r,wr,den?" 



't 



•tHVCH 



-1 OR 2 CYCLES- 



r ^ 



\ 



I 



COPROCESSOR 



Jr-< 



' for Minimum Mode only 
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NEC Electronics Inc. 



MPD8088 

HIGH-PERFORMANCE 

8-BIT MICROPROCESSOR 



Description 

The//PD8088 ancl//PD8088-2 are powerful 8-bit micro- 
processors that are software-compatible with the 
/WPD8086. They have the same bus interface signals as 
//PD8085A, allowing them to interface directly with 
multiplexed bus peripherals. Both having a 20-bit 
addressspacewhich can be divided into foursegments 
of up to 64 K bytes each. 

Features 

D 8-bit data bus interface 

D 16-bit internal architecture 

D Addresses 1 Mbyte of memory 

D Software-compatible with the 8086 

D Provides byte, word, and block operations 

D Performs 8- and 16-bit signed and unsigned 
arithmetic in binary and decimal 

D Multiply and divide instruction 

D Directly interfaces to 6155, 8355, and 8755A multi- 
plexed peripherals 



Pin identification 



Ordering Information 




Part Number Package Type 


Max Frequency 
of Operation 


A(PD8088D 40-pin ceramic DIP 


5 MHz 


//PD8088D-2 40-pln ceramic DIP 


8 MHz 



Pin Configuration 









Min 
Mode 


1 Max 1 
1 Model 


GNDC 


1 '^ 


J 40 


I] Vcc 


ADi4 q 


2 


39 


3 AD15 




AD13C 


3 


38 


:: A16/S3 




AD12C 


4 


37 


3 t^MlSt 




AD11C 


5 


36 


■2 Aie/S5 




AD10C 


6 


35 


3 A19/S6 




AD9C 
ADsC 


7 
8 


34 
33 


DSSO 

Dmn/mx 


[HIGH) 


AD7C 


9 S 32 


3rd 




ADeC 
AD5C 
AD4I: 
AD3C 


10 S 31 

11 % 30 

12 29 

13 28 


3 HOLD 

Dhlda 
3wfi 

DIO/H 


[RQ/GTO] 
[RQ/GTI] 
[LOCK] 

[S2I 


AD2C 


14 


27 


3 DT/R 


[S1I 


ADiC 


15 


26 


DDIN 


[S-q] 


ADoC 


16 


25 


DALE 


[QSol 


NMIC 


17 


24 


3INTA 


[QSil 


INTRC 


18 


23 


3 TEST 




CLKC 


19 


22 


1 READY 




GNDC 


20 


21 


D RESET 


83-000769A 











No. 


Symbol 


Function 


1,20 


GND 


Ground 


2-8, 35-39 


A19-A8 


Most significant address bits 


9-16 


AD7-AD0 


Address/data bus 


17 


NMI 


Non-maskable interrupt 


18 


INTR 


Interrupt request 


19 


CLK 


Clock 


21 


RESET 


Reset 


22 


READY 


Ready 


23 


TEST 


Test 


24 


INTA 


Interrupt acknowledge 


25 


ALE 


Address latch enable 


24,25 


QSi, QSo 


Queue status 


26 


DEN 


Data enable 


27 


DT/R 


Data transmit/receive 


28 


lO/M 


10 status/memory 


29 


WR 


Write 


29 


LOCK 


Lock 


30 


HLDA 


Hold acknowledge 


31 


HOLD 


Hold 


30,31 


RQ/GTo 
RQ/GT1 


Request/grant 


32 


RD 


Read 


33 


MN/MX 


Minimum/maximum 


34 


SSO 


Status line 


26-28 


S0-S2 


Status outputs 


35-38 


S3-S6 


Status outputs 


40 


Vcc 


Power supply 
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Pin Function 

Ground 

Ground. 

Most Significant Address Bits 

Most significant bits for memory operations. 

Address /Data Bus 

Multiplexed address and data bus. 8-bit peripherals tied 
to these bits use Aq to condition chip select functions. 
These lines are three-state during interrupt acknowl- 
edge and hold states. 

Non-IVIasl(able Interrupt 

This edge-triggered input causes a type 2 interrupt. The 
processor uses a look-up table for vectoring informa- 
tion. 

Interrupt Request 

This is a level-triggered interrupt sampled on the last 
clock cycle of each instruction. A look-up table is used 
for vectoring. INTR can be masked in software by reset- 
ting the interrupt enable bit. 

Clock 

The clock input is a Va duty cycle input providing basic 
timing for the processor and bus controller. 

Reset 

This active high signal must be high for 4 clock cycles. 
When it returns low, the processor restarts execution. 

Ready 

An acknowledgement from memory or I /O that data will 
be transferred. Synchronization is done by the j:^PD8284 
clock generator. 

Test 

This input is examined by the "WAIT" instruction, and if 
low, execution continues. Otherwise the processor 
waits in an "Idle" state. Synchronized by the processor 
on the leading edge of CLK. 

Interrupt Acknowledge 

This is a read strobe for reading vectoring information. 
During T2, T3, and TW of each interrupt acknowledge 
cycle it is low. 



Address Latch Enable 

This is used in conjunction with the )l/PD8282/8283 
latches to latch the address, during T1 of any bus cycle. 

Queue Status 

(Max mode) tracks the internal /nPD8088 instruction 
queue. 

Data Enable 

This is the output enable for the /iPD8286/8287 trans- 
ceiv ers. I t is active low during memory and I/O access 
and INTA cycles. 

Data Transmit/ Receive 

Controls the direction of data flow through the trans- 
ceivers. 

10 Status/ Memory 

Separates memory access from I/O access. 

Write 

Depending on the state of the lO/M line, the processor 
is either writing to I/O or memory. 

Lock 

(Max mode) this output is set by the "LOCK" instruction 
to prevent other system bus masters from gaining con- 
trol. 

Hold Acknowledge 

A response to the HOLD input, causing the processor to 
three-state the local bus. The bus becomes active one 
cycle after HOLD returns low. 

Hold 

When another device requests the local bus, HOLD is 
driven high, causing the fiPD8088 to issue a HLDA. 

Request/ Grant 

(Max mode) other local bus masters can force the proc- 
essor to rebase the local bus at the end of the current 
bus cycle. 

Read 

Depending on the state of the lO/M line, the processo 
is reading from either memory or I/O. 
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Minimum /Maximum 

This input tells the processor in which mode it is to be 
used. This affects some of the pin descriptions. 

Status Outputs 

(Max mode) These are the status outputs from the proc- 
essor. They are used by the f/PD8288 to generate bus 
control signals. 

vcc 

5 V power supply input. 
Block Diagram 



DC Characteristics 

Ta = 0°C to +70°C, Vcc = +5 V ± 10% 



c 

Bus 

Interface 

Unit 

Execution 
Unit 




:> 














1 


lUemory interface 


1 


^ 


r 


C-Bus 








1 


1 






^^ 




/ ^ \ 


instruction 

Stream Byte 

J Queue 


4 




l/^^ 


3 


B-Bus y 




2 


ES 




1 


CS 












SS 


Bus 










DS 




Execution Unit 
Control 
System 




iP 


<> 




IC 
















^t 




JL 


\ / 


^J 


I 




AH 


AL 




\ 


' / 


BH 


BL 


\ Arithmetic/ / 1 


CH 


CL 






DH 


DL 




1 


SP 








^ 




BP 






Si 


r^ , 1 


Dl 


1 Flags 


J- i 

















Absolute Maximum Ratings 

Ta = 25 °C, Tentative 



Power supply voltage, Vqo 


-0.5Vto+7V 


Input voltage, V| 


-0.5Vto+7V 


Output voltage, Vq 


-0.5Vto+7V 


Operating temperature, Tqpt 


0°C to +70°C 


Storage temperature, Tstg 


-65°Cto+150°C 


Power dissipation, Pp 


2.5W 



Comment: Exposing ttie device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. Ttie device is 
not meant to be operated under conditions outside ttie limits de- 
scribed in ttie operational sections of ttie specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


IHax 


Conditions 


Input voltage 
low 


V|L 


-0.5 




+0.8 


V 




Input voltage 
high 


V|H 


2.0 




Vcc+0.5 


V 




Output voltage 
low 


Vol 






H-0.45 


V 


IOL = 2.0mA 


Output voltage 
high 


VOH 


2.4 






V 


Ioh=-400mA 


Input clock 
voltage low 


VCL 


-0,5 




+0.6 


V 




Input clock 
voltage high 


VCH 


3.9 




Vcc +1.0 


V 




Input leakage 
current 


lu 






±10 


mA 


OV<V|<Vcc 


Output leakage 
current 


Ilo 






±10 


mA 


0.45V<Vo<Vcc 




Power supply 
current 
i/ 



'CC 



340 mA Ta = 25°G 



fiPD8088-2 




350 


mA 


Ta 


= 25°C 


Capacitance 






Limits 


Unit 




Test 


Parameter 


Symbol Min 


IVp Max 


Conditions 


Input 
capacitance 


Ci 


15 


PF 




(Notel) 


I/O 
capacitance 


C|0 


15 


PF 




(Note 2) 



Note: 

(1) All input pins except AD0-AD7 and RQ/GT. 

(2) Only input pins AD0-AD7 and RQ/GT 
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AC Characteristics 

Minimum Complexity Systems 

TA = 0°Cto +70°C,Vcc = 5V±10% 





Symbol 






Limits 




Unit 






MPD8088 




MPD8088- 


2 


Test 


Parameter 


MIn 


Max 


Min 


Max 


Conditions 


CLK cycle period 


tCLCL 


200 


500 


125 


500 


ns 




CLK low time 


tCLCH 


(2/3tCLCL)-15 




(2/3tcLCL)-15 




ns 




CLK high time 


'CHCL 


(V3tcLCL)+2 




(V3tcLCL)+2 




ns 




CLK rise time 


tCH1CH2 




10 




10 


ns 


From 1.0 V to 3.5 V 


CLK fall time 


tCL2CL1 




10 




10 


ns 


From 3.5Vto 1.0V 


Data in setup time 


^DVCL 


30 




20 




ns 




Data in hold time 


tCLDX 


10 




10 




ns 




READY setup time into ^PD8284 


tRIVCL 


35 




35 




ns 


(Notes 1 & 2) 


READY hold time into )iPD8284 


'CLR1X 












ns 


(Notes 1& 2) 


READY setup time into nPD8088 


tRYHCH 


(2/3tcLCL)-15 




(2/3tcLCL)-15 




ns 




READY hold time into /iPD8088 


tCHRVX 


30 




20 




ns 




READY inactive to CLK 


tpYLCL 


-8 




-8 




ns 


(Note 3) 


HOLD setup time 


tHVCH 


35 




20 




ns 




INTR.NMI, TEST setup time 


tiNVCH 


30 




15 




ns 


(Note 2) 


Input rise time 


t|LlH 




20 




20 


ns 


From0.8Vto2.0V, 
except clock 


Input tall time 


tlHIL 




12 




12 


ns 


From 2.0 V to 0.8 V, 
except clock 


Timing Responses 

Ta = 0°C to +70°C, Vcc = 5 V ± 10% 




Symbol 






Limits 




Unit 






MPD8088 




)jPD8088 


2 


Test 


Parameter 


Min 


Max 


Min 


Max 


Conditions 


Address valid delay 


tCLAV 


10 


110 


10 


60 


ns 


(Note 4) 


Address hold time 


tCLAX 


10 




10 




ns 


(Note 4) 


Address float delay 


tCLAZ 


tCLAX 


80 


^CLAX 


50 


ns 


(Note 4) 


ALE width 


^LHLL 


tCLCH-20 




*CLCH-10 




ns 


(Note 4) 


ALE active delay 


tCLLH 




80 




50 


ns 


(Note 4) 


ALE inactive delay 


tCHLL 




85 




55 


ns 


(Note 4) 


Address hold time to ALE inactive 


^LLAX 


tCHCL-10 




tCHCL-10 




ns 


(Note 4) 


Data valid delay 


tCLDV 


10 


110 


10 


60 


ns 


(Note 4) 


Data hold time 


tCHDX 


10 




10 




ns 


(Note 4) 


Data hold time after WR 


'WHDX 


*CLCH-30 




tCLCH-30 




ns 


(Note 4) 


Control active delay 1 


tCVCTV 


10 


110 


10 


70 


ns 


(Note 4) 


Control active delay 2 


tCHCTV 


10 


110 


10 


70 


ns 


(Note 4) 


Control inactive delay 


tcVCTX 


10 


110 


10 


70 


ns 


(Note 4) 


Address float to READ active 


tAZRL 












ns 


(Note 4) 


RD active delay 


tCLRL 


10 


165 


10 


80 


ns 


(Note 4) 
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AC Characteristics (cent) 

Timing Responses (cont) 



TA = 0°Cto +70°C,Vcc = 


= 5Vi 


:10% 


















Symbol 






Limits 




Unit 






^PD8088 




f^PDSOSS. 


2 


Test 


Parameter 


Min 


Max 


Min 


Max 


Conditions 


RD inactive delay 




ICLRH 


10 


150 


10 


80 


ns 


(Note 4) 


RD inactive to next address active 


tRHAV 


tCLCL-45 




tcLCL-40 




ns 


(Note 4) 


HLDA valid delay 




'CLHAV 


10 


160 


10 


100 


ns 


(Note 4) 


RD width 




tRLRH 


2tCLCL-75 




2tCLCL-50 




ns 


(Note 4) 


WRw/ldth 




tWLWH 


2tcLCL-60 




2tcLCL-40 




ns 


(Note 4) 


Address valid to ALE low 




UVAL 


tCLCH-60 




tCLCH-40 




ns 


(Note 4) 


Output rise time 




tOLOH 




20 




20 


ns 


From 0.8 V to 2.0 V 


Output fall time 




^OHOL 




12 




12 


ns 


From 2.0 V to 0.8 V 



Note: 

(1) Signal at nPD8284 shovi^n for reference only. 

(2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

(3) Applies on ly to T2 state. (8 ns into T3) 

(4) Cl = 20-100 pF for all nPD8088 outputs (In addition to (nPD8088 self-load). 




Maximum Mode System with txPB8288 Bus Controlier 

Ta = 0°C to +70°C, Vcc = 5 V ±10% 





Symboi 






Limits 




Unit 






MPD8088 




^PD8088-2 


Test 


Parameter 


Min 


Max 


Min 


Max 


Conditions 


CLK cycle period 


ICLCL 


200 


500 


125 


500 


ns 




CLK low time 


tCLCH 


(2/3tcLCL)-15 




(2/3tcLCL)-15 




ns 




CLK high time 


tCHCL 


(V3tcLCL)+2 




(V3tcLCL)+2 




ns 




CLK rise time 


tCH1CH2 




10 




10 


ns 


From 1.0 V to 3.5 V 


CLK fall time 


tCL2CL1 




10 




10 


ns 


From 3.5 Vto 1.0V 


Data in setup time 


tpVCL 


30 




20 




ns 




Data in hold time 


tCLDX 


10 




10 




ns 




READY setup time into mPD8284 


tRIVCL 


35 




35 




ns 


(Notes 1 & 2) 


READY hold time into /:iPD8284 


tCLRIX 












ns 


(Notes 1 & 2) 


READY setup time into /.iPD8088 


Iryhch 


(2/3tcLCL)-15 




(V3tcLCL)-15 




ns 




READY hold time into mPDBOSS 


tCHRYX 


30 




20 




ns 




READY inactive to CLK 


'rylcl 


-8 




-8 




ns 


(Note 5) 


INTR.NMI, TEST setup time 


tiNVCH 


30 




15 




ns 


(Note 2) 


RQ/GT setup time 


tGVCH 


30 




15 




ns 




RQ hold time into jLiPD8088 


tCHGX 


40 




30 




ns 




Input rise lime 


t|UH 




20 




20 


ns 


From0.8Vfo2.0V, 
except clock 


Input fall time 


tlHIL 




12 




12 


ns 


From 2.0 Vto 0.8 V, 
except clock 
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AC Characteristics (cent) 

Timing Responses 

mPD8088: Ta = 0°C to +70°C, Vqc = 5 V ± 10% 





Symbol 






Limits 




Unit 






fjPD8088 


1 


^PD8088- 


2 


Test 


Parameter 


Min 


Max 


Min 


Max 


Conditions 


Command active delay 


tCLML 


10 


35 


10 


35 


ns 


(Notes 1 & 4) 


Command inactive delay 


tCLMH 


10 


35 


10 


35 


ns 


(Notes 1 & 4) 


READY active to status passive 


'ryhsh 




110 




65 


ns 


(Notes 3 & 4) 


Status active delay 


tCHSV 


10 


110 


10 


60 


ns 


(Note 4) 


Status inactive delay 


tCLSH 


10 


130 


10 


70 


ns 


(Note 4) 


Address valid delay 


tCLAV 


10 


110 


10 


60 


ns 


(Note 4) 


Address hold time 


tCLAX 


10 




10 




ns 


(Note 4) 


Address float delay 


tCLAZ 


tCLAX 


80 


'CLAX 


50 


ns 


(Note 4) 


Status valid to ALE high 


tSVLH 




15 




15 


ns 


(Notes 1& 4) 


Status valid to MCE high 


tSVMCH 




15 




15 


ns 


(Notes 1& 4) 


CLK low to ALE valid 


ICLLH 




15 




15 


ns 


(Notes 1& 4) 


CLK low to MCE high 


tCLMCH 




15 




15 


ns 


(Notes 1& 4) 


ALE inactive delay 


tCHLL 




15 




15 


ns 


(Notes 1& 4) 


MCE inactive delay 


tCLMCL 




15 




15 


ns 


(Notes 1 & 4) 


Data valid delay 


tCLDV 


10 


110 


10 


60 


ns 


(Note 4) 


Data hold time 


tCHDX 


10 




10 




ns 


(Note 4) 


Control active delay 


tcVNV 


5 


45 


5 


45 


ns 


(Notes 1& 4) 


Control inactive delay 


tCVNX 


10 


45 


10 


45 


ns 


(Notes 1 & 4) 


Address float to READ active 


tAZRL 












ns 


(Note 4) 


RD active delay 


tCLRL 


10 


165 


10 


100 


ns 


(Note 4) 


RD inactive delay 


tCLRH 


10 


150 


10 


80 


ns 


(Note 4) 


RD inactive to next address active 


tRHAV 


ICLCL-45 




tCLCL-40 




ns 


(Note 4) 


Direction control active delay 


tCHDTL 




50 




50 


ns 


(Notes 1 & 4) 


Direction control inactive delay 


tCHDTH 




30 




30 


ns 


(Notes 1 & 4) 


GT active delay 


tCLGL 





85 





50 


ns 


(Note 4) 


GT inactive delay 


'CLGH 





85 





50 


ns 


(Note 4) 


RD width 


^RLRH 


2tCLCL-75 




2tcLCL-50 




ns 


(Note 4) 


Output rise time 


tOLOH 




20 




20 


ns 


From 0.8 V to 2.0 V 


Output fall time 


tOHOL 




12 




12 


ns 


From 2.0Vto 0.8V 



Note: 

(1) Signal at /jPB8284 or fiPB8288 shown for reference only. 

(2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

(3) Applies only to T3 and wait states. 

(4) Cl = 20-100 pF for all |jPD8088 outputs (in addition to /jPD8088 self-load). 

(5) Applies only to T2 state. (8 ns into T3). 
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Timing Waveforms 

Minimum Complexity Systems (Note 5) 



CLK (^PD8284 Output) 



RDY (mPD8284 Input) (Note 5) 



RDY (|<PD8088 Input) 



R ead Cycle ( Note 1) 
(WR,INTA=Vo„) 



'-^^^^TTi 



)C 



X 



X 



.f 



— tCHCL ^ 



^. 



T3 Tv^AIT 

-tCL2CL1 I 



A15-A8 (Float During INTA) 



)C 



zx 



]S^^^^^ 




X 



X 



(1) All signals switch between Vqh and Vol unless othemise specified. 

(2) RDY is sampled near the end of T2, T3, TWAIT to detennine if TWAIT machine slates are inserted. 

(3) Two INTA cycles run back-to-back. The )iPD8088 local Addr ess/Data bus floats during both INTA 
cycles. The control signals shown are lor the second INTA cycle. 

(4) Signals at the ;iPD8284 are shown for reference. 

(5) All timing measurements are taken at 1.5 V unless otherwise specified. 
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Timing Waveforms (cont) 

Minimum Compiexity Systems (Note 5) 




INTACycl«(Natos1&3) 

(RD,WR=Voh) ^ 



Sottwara Halt 

iSiN, HD, WB, INTA = VoH 

AD7-AO0 



Note: 

(1) All signals switch between Vqh and Vol unless otiieiwlse specified. 

(2) RDY Is sampled near tlie end of T2, T3, TWAIT to detennine If TWAIT macliine states are inserted. 

(3) 1Vvo INTA cycles run back-to-back. The ^PD8088 local Addr ess/Data bus floats during both INTA 
cycles. The control signals shown are for the second INTA cycle. 

(4) Signals at the |iPD8284 are shown for reference. 

(5) All timing measurements are taken at 1.5 V unless otherwise specified. 
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Timing Waveforms (cont) 



Maximum Mode System Bus Timing Using iaPB8288 
Bus ConUolier(Note 7) 



Sj, Sf , Sq (Except Hilt)- 



ALE (^PD8288 Output) 



(Notes) < RDY (|<PD82S4 Input) 




Ready (MPoeoSa Input) ( 



mPDS288 Outputs 
(NotesSte) 



iM^^^^^ 




MROC OR lORC 



(1) All Signals switch between VoH and Vol unless othenwise specified. 

(2) RDY Is sampled near the end of T2, T3, TWAIT to determine If TWAIT machine states are Inserted. 

(3) The cascade address is valid between the first and second INTA cycles. 

(4) Two INTA cycles run back-to-back. The fiPDSOSS local Addre ss? Data bus floats during both INTA 
cycles. The control signals shown are for the second INTA cycle. 

(5) Signals at the ^PD82S4 are shown for reference. 

(6) The MPD8288 active-high CEN lags when the mPD 8288 issu es command and control signals 
(MRDC, MWTC, AMWC, iORC, iOWC, AlOWC, INTA, and DEN). 

(7) Ail timing measurements are taken at 15 V unless othenwise specified. 

(8) Status is inactive prior to T4. 
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Timing Waveforms (cont) 



Maximum Mode System Bus Timing Using ixPB8288 
Bus Controller (cont) (Note 7) 



?2< ^1. So (ixcapt Halt) 




AD7-AD0, A,5-Ag- 



Invalld Addren 



S2f Sit So 



"y: 



Note: 

(1) All signals switch between VoH and Vol unless otherwise specified. 

(2) RI3Y is sampled near the end of T2, T3, TWAIT to detennlne if TWAIT machine states are inserted. 

(3) The cascade address is valid between the first and second INTA cycles. 

(4) IW0 INTA cycles run bacl<-to-back. The mPD8088 local Add ress/ Data bus floats during both INTA 
cycles. The control signals shown are for the second INTA cycle. 

(5) Signals at the mPD8284 are shown for reference. 

(6) The I4PD8288 active-high CEN lags when the nPD 8288 Issu es command and control signals 
(MRDC, MWiC, AlUWC, lORC, lOWC, AlOWC, INTA, and DEN). 

(7) Alt timing measurements are taken at 1.5 V unless Otherwise specified. 

(8) Status Is Inactive prior to T4. 
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Timing Waveforms (cont) 

Asynchronous Input Recognition 



\ 



I 



Signal 



X 



\ 



<INVCH(N0te1) 



(1) Setup requirements tor asynchronous signals guarantee recognition at next CLK. 



Maximum Mode Bus Lock Signal Timing 



^. 



- Any CLK Cycle - 



\ 



\ 



-Any CLK Cycle- 



/ 



/ 



Maximum Mode Request/Grant Sequence Timing 



Any CLK Cycle 



7 



tGVCH tCLGL 

-tCLCL ^tCHGX^ 

, Pulse 1 ^ Pulse- , ,, , ^ 

\ Coprocessor / \ mPD8088 5T / \ / 

\_J^_J \ I / 1\ / 



Previous Grant 



A19/S6-A16/S3 >_ 
A15-A8 
AD7-AD0 |_ 
§2. Si, So 
RD, LOCK 



(1 ) Tlie coprocessor risks bus contention if It drives the buses outside the areas shown. 



X 



Coprocessor (Note 1) 



X 



«CHGX 
•CLGL 
tCLGH 
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Timing Waveforms (cont) 

Mimimum Mode Hold Acknowledge Timing 






^- 



>1 CLK Cycle - 



» /| ^ M—J > 11 ' 



' 1 Or 2 Cycles - 



"\. 






Y 
A_ 



Note: 

(1) All signals switch between Vq^ and Vqj^ unless otherwise specified. 



S xJ' 



- tCLHAV 



\ 



')-< 



fiPoaoss 
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Section 5 — Digital Signal Processing and Speech 

yuPD7281 Image Pipelined Processor 5-3 

^<PD9305 Memory Access and General Bus Interface 

for the/wPD7281 5-45 

ywPD7720A/ Digital Signal Processors 5-77 

77P20 

AJPD77C20 Digital Signal Processor 5-99 

//PD77230 Advanced Signal Processor 5-101 

//PD7730 ADPCM Speech Encoder/Decoder 5-117 

//PD7755/56 ADPCM Speech Synthesizers 5-127 

A(PD7759 ADPCM Speech Synthesizer 5-133 
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NEC Electronics Inc. 

PRELIMINARY INFORMATION 



/iPD7281 

IMAGE PIPELINED 

PROCESSOR 



Description 

The NEC //PD7281 Image Pipelined Processor is a 
high-speed digital signal processor specifically 
designed for digital image processing such as 
restoration, enhancement, compression, and pattern 
recognition. TheyuPD7281 employs token-based data- 
flow and pipelined architecture to achieve a very high 
throughput rate. A high-speed on-chip multiplier 
speeds calculations. More than one /uPD7281 can 
easily be cascaded with a minimum amount of interface 
hardware to increase the throughput rate even further. 
The /UPD7281 is designed to be used as a peripheral 
processor for minicomputers or microcomputers, 
thereby relieving the host processor from the burden of 
time-intensive computations. TheA(PD7281 has a very 
powerful instruction set designed specifically for digital 
image processing algorithms. The Image Pipelined 
Processor can also be used as either a general purpose 
digital signal processor or a numeric processor. 

Features 

n Token-based data-flow architecture 

D Internal pipelined ring architecture 

D Powerful instruction set for image processing 

D 17 X 17-bit (including sign bits) fast multiplier: 

200 ns (target spec) 
D High-speed data I/O handling 

— Asynchronous two-wire handshaking protocols 

— Separate data input and output pins 
D Easy multiple-processor configuration 
D Rewritable program stores 

D On-chip memories: 

— Link Table (LT): 128 x 16 bits 

— Function Table (FT): 64 x 40 bits 

— Data Memory (DM): 512 x 18 bits 

— Data Queue (DO): 32 x 60 bits 

— Generator Queue (GQ): 16 x 60 bits 

— Output Queue (OQ): 8 x 32 bits 
D NMOS technology 

D Single +5 V power supply 
D 40-pin DIP 

Applications 

D Digital image restoration 

D Digital image enhancement 

D Pattern recognition 

D Digital image data compression 

D Radar and sonar processing 

D Fast Fourier Transforms (FFT) 

D Digital filtering 

D Speech processing 

D Numeric processing 



Pin Configuration 



RESET C 1 
JACK L 2 
IREQ C 3 
IDBis Z 4 
IDBu C 5 
IDBi3 C 6 
IDBi2 Z 7 
IDB11 Z 8 
IDB10 Z 9 
IDB9 C 10 
IDBs Z 11 
IDB7 C 12 
IDBs Z 13 
IDB5 C 14 
IDB4 Z 15 
IDB3 C 16 
IDB2 L 17 
IDB1 C 18 
IDBo C 19 
GND C 20 



40 ] 
39 3 
38 3 
37 2 
36 3 
35 3 
34 D 
33 3 
32 3 
31 H 
30 3 
29 3 
28 3 
27 3 
26: 
25 D 
24 D 
23 3 
22 D 
21 3 



Vcc 

OACK 

OREQ 

ODB15 

OOB14 

ODB13 

ODB12 

ODB11 

ODB10 

ODB9 

ODBs 

ODB7 

OOBe 

ODB5 

OOB4 

ODB3 

OOB2 

ODB1 

ODBo 

CLK 




Performance Benciimarlcs 



Operation 


1 A'PD7281 3//PD728IS 


Note 


Rotation 


1.5 sec 


0.6 sec 


512x512 binary image 


1/2 Shrinking 


80 ms 


30 ms 


512x512 binary image 


Smoothing 


1.1 sec 


0.4 sec 


512x512 binary image 


3x3 Convolution 


3.0 sec 


1.1 sec 


512x512 grey scale image 


64-stage FIR 
Filter 


SO/zs 


18/L(S 


17-bit fixed point 


cos(x) 


40 //s 


15 //s 


33-bit fixed point 


Ordering information 


Part Number 






Package Type 


A(PD7281D 






40-pin ceramic DIP 
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Pin Identification 









At 


No. 


Signal 


I/O 


RESET Description 


1 


RESET 


In 


System Reset: A low signal on 
this pin initializes //PD7281. 
During the reset, a 4-bit module 
number should be placed on 
IDB15-IDB12. 



lACK Out High Input Acknowledge: This 
acknowledge signal is output 
by the a'PD7281 to notify the 
external data source that a 16- 
bit data transfer has been 
conipleted. 



3 


IREQ 


In 




Input Request: This input 
signal requests a data transfer 
from an external device to 
/UPD7281. 


4-19 


IDB15-IDB0 


In 




16-bit input data bus: 32-bit 
input data tokens are input to 
the Input Controller as two 16- 
bit words. 


20 


GND 






Power ground 


21 


CLK 


In 




System clock input (10 MHz: 
target spec) 


22-37 


ODB15-ODB0 


Out 


High 16-bit output data bus: 32-bit 
Impedance output data tokens are output 
by the Output Controller as 
two 16-bit words. 


38 


OREQ 


Out 


High 


Output Request: This signal 
informs an external device that 
a 16-bit data word is ready to 
be transferred out of yuPD7281 . 



39 



OACK 



Output Acknowledge: This 
acknowledge signal input by 
the external data destination 
notifies /UPD7281 that a 16-bit 
data transfer may occur. 



Architecture 

The /uPD7281 utilizes a token-based, data-flow 
architecture. This novel architecture not only provides 
multiprocessing capability without complex external 
hardware, but also offers high computational efficiency 
within each processor. Taking advantage of the multi- 
processing capability of data-flow architecture, almost 
any processing speed requirements can be satisfied by 
using as many AfPD7281s as needed in the system. 
Within each //PD7281, the data-flow architecture 
provides high computational efficiency through 
concurrent operations. For example, while the 
Processing Unit (or ALU) spends its time for actual 
computations only, the internal memory address 
calculations, internal memory read and write 
operations and input/output operations are all being 
done concurrently. Furthermore, in contrast to 
conventional von Neumann processors, a data-flow 
processor doesn't fetch instructions, perform 
subroutine stack operations or do data transfers 
between registers. Therefore, it does not spend the 
time required for these operations. 

The /uPD7281 also utilizes an internally pipelined 
architecture. As shown in the block diagram, a circular 
pipeline is formed by five functional blocks: the Link 
Table (LT), the Function Table (FT), the Data Memory 
(DM), the Queue (Q), and the Processing Unit (PU). A 
token entered through the Input Controller (IC) is 
passed on to the Link Table to be processed around the 
pipelined ring as many times as needed. When a token 
is finished being processed, it is queued into Output 
Queue (OQ) and then output via the Output Controller 
(OC). 



40 



Vcc 



+5 V power supply 
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Block Diagram 




circular pipeline 



IC: Input Controller. Controis input data tokens and determines whether or not an input data 

token should be sent to the circular pipeline for processing. 
OC: Output Controller. Controls output data tokens. 
LT: Link Table {128 words x 16 bits). Stores instruction parameters. 
FT: Function Table |64 words x 40 bits]. Stores instruction parameters. 
OM: Data Memory [512 words x 18 bits]. Stores constants or temporary data. 
Q: Queue {48 words x 60 bits]. FIFO queue. Data Queue: 32 words x 60 bits. 

Generator Queue: 16 words x 60 bits. 
PU: Processing Unit. Executes logical, arithmetic and bit operations. 
OQ: Output Queue [8 words x 32 bits]. FIFO queue for the output tokens. 

AG/FC: Address Generator and Flow Controller. Generates addresses for DM and controls the 
flow of tokens. 

RC: Refresh Controller. Generates refresh tokens for internal DRAMs. 




Absolute Maximum Ratings 

Ta = +25°C 



Supply voltage, Vqd 


-0.5 V to +7.0 V 


Input voltage, V| 


-0.5 V to +7.0 V 


Output voltage, Vq 


-0.5 V to +7.0 V 


Operating temperature, Tqpt 


0°C to +70 °C 


Storage temperature, Tstg 


-65''Cto+150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute N/laximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

Ta = +25 °C 



Limits 



Parameter 



Symbol iHin Max Unit 



Test 
Conditions 



CLK capacitance 



Input capacitance 



Output capacitance 



Ck 



Co 



20 



10 



20 



pF fc = 1MHz 
~7f (All other pins 
-^atOV) 
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DC Characteristics 

Ta = O'C to +70 °C, Vdd = 5 V ±10% 



AC Characteristics (cont) 





Symbol 




Limits 


Test 


Parameter 


Min 


Typ Max 


Unit Conditions 


Input low 
voltage 1 
(RESET, IDB15.0) 


V|L1 


-0.5 


0.8 


V 


Input high 
voltage 1 
(RESET, IDB15.0) 


V|H1 


2.0 


Vdd +0.5 


V 


Input low 
voltage 2 
(IREQ, OACK, CLK) 


V|L2 


-0.5 


0.45 


V 


Input high 
voltage 2 
(IREQ, OACK, CLK) 


V|H2 


3.5 


Vdd + 0.5 


V 


Output low 
voltage 


Vol 




0.45 


V loL = 2.0 mA 


Output high 
voltage 


VOH 


2.4 




V loH = -400M 


Input leakage 
current 


Ili 




±10 


fI^ ov<V|<Vdd 


Output leakage 
current 


Ilo 




±10 


juA OV<Vo<Vdd 


Supply current 


Iqd 




300 500 


mA 


AC Characteristics 

Ta = o°c to +70 °c, Vdd = 5 v ±10% 




Symbol 




Limits 


Test 


Parameter 


Min 


Typ Max 


Unit Conditions 



CLK cycle time Icyk 100 



200 



ns Measured at 
2V 



CLK pulse width 
high 



twKH 48 



CLK pulse width 
low 


twKL 48 




ns 


CLK rise time 


tKR 


10 


ns 


CLK fall time 


tKF 


10 


ns 


lACK delay time 1 
(from IREQ down) 
(Note1) 


*DIAL1 


40 


ns 


lACK delay time 1 
(from IREQ up) 
(Note 2) 


tDIAHl 


40 


ns 


lACK delay time 2 
(from IREQ down) 


tDIAL2 


60 


ns 


lACK delay time 2 
(from IREQ up) 


tDIAH2 


60 


ns 


Min time between 
transitions on 
IREQ and lACK 


tHIQ 45 




ns 


IREQ rise time 


t|QR 


10 


ns 



TA = 0°Cto+70°( 


S, Vdd = 


= 5V±10% 








Symbol 


Limits 




Test 


Parameter 


Min Typ 


Max 


Unit Conditions 


IREQ fall time 


t|QF 




10 


ns 


Data set up time 
(before IREQ up) 


tSID 


50 




ns 


Data hold time 
(after IREQ up) 


tHIO 







ns 


OREO delay timet 
(from OACK down) 


tOOQHI 




40 


ns 


OREQ delay time 1 
(from OACK up) 


tDOQLI 




40 


ns 


OREQ delay time 2 tD0QH2 
(from OACK down) 




60 


ns 


OREQ delay time 2 tooQL2 
(from OACK up) 




60 


ns 


Min time between 
transitions on 
OREQ and OACK 


toOA 


45 




ns 


OACK rise time 


tOAR 




10 


ns 


OACK fall time 


tOAF 




10 


ns 


Data access time 
(after OREQ down) 


toOD 




20 


ns 


Data float time 
(after OREQ up) 


tFOD 


10 


100 


ns 


Pre RESET 
high time 


tRVRST 2tcYK 




ns 


RESET low time 


tWRST 


4tcYK 




ns 


Module number 
data setup time 
(after RESET down) 


tOMD 




2tCYK 


ns 


Module number 
data hold time 
(after RESET up) 


tHMD 







ns 



Notes: 

(1) "Down" = on falling edge 

(2) "Up" = on rising edge 

(3) Output load capacitance: JACK, OREQ = 50 pF; ODB15.0 -■ 
100 pF 
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Timing Waveforms 

AC Test Input Voltage 



SXEEEiHX^ 



CLK, IREQ, OACK 



SXEEEEIXS 



Clock Timing 



^^^A_^^' 



Input Handshake Timing 



AC Test Output Voltage 



OREO, lACK, ODB 



"s x^-— <:y s 



Module Number and RESET Timing 



■* ► 



■* tWRST ► 



N. f 



1DB15-1DB12 



r r 



\ 



/ 



\ 



\ 



/ 



/ 



\ 



X 



DC. 



\ 



/ 



X 



Output Handshake Timing 



\ 



/ 



\ 



/ 



\ 



\ 



f 



\ 



I 



--< 



>- < 



>- 
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Functional Description 

As shown in the block diagram, the /;»PD7281 consists 
of 10 functional blocks. Before any processing occurs, 
the host processor down-loads the object code into 
the Link Table and the Function Table of the//PD7281 
by using specially formatted input tokens. At this time, 
constants may also be sent to the Data Memory to be 
stored. The contents of the Link Table and the Function 
Table are closely related to a computational graph. 
When a computational process is represented 
graphically, it usually forms a directed data-flow graph. 
In such a graph, the arcs (or edges, links, etc.) 
represent the entries in the Link Table and the nodes 
represent the entries in the Function Table. An arc 
between any two nodes has a data value, called a "token", 
and is identified by a corresponding entry in the Link 
Table. A node in the directed data-flow graph signifies 
an operation, and the type of operation is logged into 
the Function Table along with the identification infor- 
mation about the outgoing arc. 

A minimal amount of interface hardware is required to 
configure //PD7281s in a multiprocessor system. As 
many as 14 //PD7281s can be cascaded together, as 



shown in figure 1. Each //PD7281 must be assigned a 
Module Number (MN) during reset. Figure 2 shows the 
timing diagram for assigning the module number. 

When any token enters a yuPD7281, regardless of the 
total number of /uPD7281s used in the system, the 
Input Controller of that//PD7281 discerns whether or 
not the entering token is to be processed by checking 
the Module Number (MN) field of the token. If the 
Module Number is not the same as the Module Number 
assigned during reset, the token is passed to the 
Output Controller so that it can be sent out via the 
Output Data Bus. However, if the token has the same 
Module Number, then the Input Controller strips off 
the MN field and sends the remaining part of the token 
to the Link Table for processing. 

Once a token enters the circular pipeline by accessing 
the Link Table, it requires seven pipeline clock cycles 
for the token to fully circulate around the ring. One 
pipeline clock cycle is needed for the Link Table, the 
Function Table, or the Data Memory to process an 
incoming token, and two pipeline clock cycles are 
needed for the Queue or the Processing Unit to 
process a token. The Queue requires one pipeline 



Figure 1. Connecting Multiple /jPD728l8 


























• • • 


Output 

Handshake ~ 
Lines 

Output Data Bus- 


OACK 
OREO 

ODBis 
0DBi4 

ODBo 




lACK OACK 
IREQ OREO 

IDBi5 O0Bi5 
IDBi4 0DBi4 

IDBo ODBo 




lACK 
IREO 

IDBis 
IDBi4 

IDBo 


Input 
~~ Handshake 
Lines 

- Input Data Bus 


• • • 














• 


• 








Chip #N-1 




Chip #N 




Chip#N+1 


49tXX)M0B 



Figure 2. Tinting Diagram for Assigning Module 
Numbers During RESET 



RESET \_ 

0DB(16) Don't Care> 



High Impedance 



^ Module Number y— 



High 
Impedance 



MNR(4): IDB,s-IDB,2 
'From external hardware 
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clock cycle to write and one cycle to read. Similarly, 
the Processing Unit requires one pipeline clock cycle 
to execute and one clock cycle to output the result. In 
other words, both the Processing Unit and the Queue 
are nnade of two-stage pipelines. Therefore, when 
seven tokens exist simultaneously in the circular 
pipeline, the pipeline is full and full parallel processing 
is achieved. 

When a data token flows through each functional 
block in a given /yPD7281, the format of the token 
changes significantly. The actual transitions of a token 
format through different functional blocks are shown 



in figure 3. A data token flowing within the circular 
pipeline must have at least a 7-bit Identifier (ID) field 
and an 18-bit data field. The ID field is used as an 
address to access the Link Table memory. When a 
token accesses the LT memory, the ID field of the 
token is replaced by a new ID (shown as I D' in figure 3) 
previously stored in the LT memory. As a result, every 
time a data token accesses LT memory, its ID field is 
renewed. The data field of a token consists of a control 
bit, a sign bit and a 16-bit data. A token may have up to 
two data fields, as well as other fields (OP code, control, 
etc.) if necessary. 



Figure 3. Token Formats and Transitions 



MN 





ID 


CTLF 



1 


1 






7 


4 16 


U 


ID 


CTLF 


DATA 



iz: 




FTL 


FTR 


FTT 



DM Token [54] U ID' or ID" SEL DM Address 



FTL [Lower 12 blls) 



O Q Token [59] 



DM Contents 



-» Internal Use [Specifies RD, WR, or REFRESH] 



rrr" 



FTL [Lower 12 bits] 



t?^ 



FTL[Lower 12 bits] 






FTL [Lower 12 bits] 



I/O Token Input or Output Token 

LT Token A token accessing the Link Table 

FT Token A token accessing the Function Table 

DM Token A token accessing the Data Memory 

Q Token A token accessing the Queue 

PU Token A token accessing the Processing Unit 

00 Token A token accessing the Output Queue 



t^ 



MN 



CTLF 
DATA 
FTA 



Modulo Number 

Identifier for an input or output token 

Identifier for a token whicfi exits LT for ttie first time 

Identifier for a token wtlicti exits LT for ttie second time 

Control field 

16-bit data field 

Function Table Address 



SEL SELectlon field 

FTRC Function Table Riglit field Control bit 

FTL Function Table Left field 

FTR Function Table Riglit field 

FTT Function Table Temporary field 

PUF Processing Unit Flags 

C Control bit for a 16-bit data 

Ca Control bit for a 16-bit data from A side 

Cb Control bit for a 16-bit data from B side 

S Sign-bit for a 16-bit data 

Sa Sign.-bit for a 16-bit data from A side 

Sb Sign-bit for a 16-bit data from B side 

DATAa 16-bit data from Aside 

DATAb 16-bit data from B side 
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Input Controller [IC] 

A 32-bit token is entered into a//PD7281 in two 16-bit 
halves using a two-signal request/acknowledge hand- 
shake method, as shown in figure 4. The input/output 
token format is shown in figure 7. After a token is 
accepted by the IC, the MN field of the token is 
compared to the Module Number of //PD7281 which 
was assigned at reset. If the Module Number of the 
accepted token is not the same, the IC passes the 
token directlytothe Output Controller. If the MNfield of 
the accepted token is the same, then the IC strips off 
the Module Number and sends the remaining part of 
the token to the Link Table. The IC also monitors the 
status of the Processing Unit. If it is busy, the IC delays 
accepting another token until it is no longer busy. The 
IC also accepts the refresh tokens from the Refresh 
Controller (RC) and sends them to the Link Table. 

Figure 4. Handshake Timing Waveforms 





■\_ 



IDBo - IDBi5 — ( High / - 



< l-o^ ) - 



Input Token Timing 




"\_ 



Output Tolten Timing 



Output Controller [OC] 

The OC outputs 32-bit tokens in two 16-bit halves 
using a two-signal request/acknowledge handshake 
method, as shown in figure 4. The types of tokens 
output by the OC are as follows: output data tokens 
from the Output Queue, error status data tokens 
generated internally by OC, DUMP tokens, and passing 
data tokens from the Input Controller. 

Link Table [LT] 

The LT is a 128 X 16-bit dynamic RAM. The ID field of 
an incoming LT token is used to access the LT 
memory. The contents of an LT memory location 



consist of a 6-bit Function Table Address (FTA), a 7-bit 
ID, a 1-bit Function Table Right Field Control (FTRC), 
and a 2-bit Selection (SEL) field. When a token 
accesses LT memory, its ID field is replaced by the new 
ID field contained in the memory location being 
accessed. Therefore, every time a token accesses LT 
memory, it is given a new ID. The FTA field is used to 
access FT memory locations. The FTRC bit and the 
SEL field are used to specify the type of instruction. By 
using specially formatted tokens, the contents of the 
LT can either be set during a program download or be 
read during a diagnosis. 

Function Table [FT] 

The FT is a 64 X 40-bit dynamic RAM. As for the case of 
the Link Table, the contents can either be set during a 
program download or be read during a diagnosis by 
using specially formatted tokens. 

Each FT memory location consists of a 1 4-bit Function 
Table Left field (FTL), a 16-bit Function Table Right 
field (FTR), and a 10-bit Function Table Temporary 
field (FTT). These fields contain control information 
for different types of instructions. 

Address Generator and Flow Controller [AG/FC] 

The AG/FC generates the addresses to access the 
Data Memory (DM) and controls the writing of data to 
and the reading of data from the Data Memory. AG/FC 
determines whether the incoming token contains a 
one-operand instruction or a two-operand instruction. 
One-operand instruction tokens can be sent directly to 
the Queue. However, if the token contains a two- 
operand instruction, then both operands must be 
available before they can be sent to the Queue. For a 
two-operand instruction, the token which arrives at the 
Data Memory first is temporarily stored until the 
second operand token arrives. When the second 
operand token exits the Function Table, the AG/FC 
generates the Data Memory address which contains 
the first operand. Then, the second operand token and 
the first operand data read out from the Data Memory 
are sent to the Queue together. 

Data Memory [DM] 

The DM is a 51 2 x 1 8-bit dynamic RAM which is used to 
queue the first operand for a two-operand instruction 
until the second operand arrives. DM can also be used 
as a temporary memory or as a buffer memory for I/O 
data. 

Queue [Q] 

The Q is a FIFO memory configured with a 48 x 60-bit 
dynamic RAM. The Q is used to temporarily store the 
Processing Unit-bound and the Output Queue-bound 
tokens. The Q is further divided into two different Fl FO 
memories: a 32 x 60-bit Data Queue (DO) and a 16 x 
60-bit Generator Queue (GQ). The DO is used for the 
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PU, OUT and AG/FC instructions. The DQ temporarily 
stores the PU and AG/FC tokens before they are sent 
to the Processing Unit for processing. The DQ also 
temporarily stores the Output Queue tokens before 
they are sent to the Output Queue. The GQ is used for 
Generate (GE) instructions only. The DQ will not 
output tokens to the Output Queue if it is full, and the 
DQ or GQ will not output tokens to the Processing Unit 
if the Processing Unit is busy. 

In orderto control the number of tokens in the circular 
pipeline to prevent Q overflow, the Q is further restricted 
by the following two situation rules: when the DQ has 
eight or more tokens stored, the read from the GQ is 
inhibited, and when the DQ has fewer than eight tokens 
stored, the read from the GQ has a higher priority than 
the read from the DQ. Since instructions stored in the 
GQ generate tokens, restricting the number of GQ 
tokens is important in order to keep the Q from 
overflowing. In case the internal processing speed is 
slower than the rate of incoming data tokens, the DQ 
posseses a potential overflow condition. To prevent 
overflow, the processor is put into restrict/inhibit mode 
when the DQ reaches a level greater than 23. 

Output Queue [OQ] 

TheOQ is a first-in first-out (FIFO) memory configured 
in an 8 X 32-bit static RAM. The OQ is used to 
temporarily store the output data tokens from the Data 
Queue so that they can be output by the Output 
Controller via the output data bus. When OQ is full, it 
sends a signal to the Data Queue to delay accepting 
further tokens. 

Processing Unit [PU] 

The PU executes two types of instructions: PU and GE. 
PU instructions include logical, arithmetic (add, subtract 
and multiply), barrel-shift, compare, data-exchange, 
bit-manipulation, bit-checking, data-conversion, double- 
precision adjust, and other operations. The control 
information for a PU instruction is contained in the 
Function Table Left field of the PU token. The GE 
instructions are used to generate a new token, multiple 
copies of a token, or block copies of a token. They can 
also be used to set the Control field (CTLF) of a token 
and to generate external memory addresses. If the 
current PU operation cannot be completed within a 
pipeline clock cycle, the PU sends a signal to the 



Queue and the Input Controller to prevent them from 
releasing any more tokens. 

Refresli Controller [RC] 

The RC automatically generates refresh tokens for the 
dynamic RAMs used in the circular pipeline, i.e. the LT, 
FT, DM, and Q. Each RC token, generated periodically, 
is sent to the Input Controller and is propagated 
through the LT, FT, DM and Q, in that order. The RC 
tokens are deleted after reaching the Q. 

Operation Modes 

There are three different modes in which the//PD7281 
can operate: Normal, Test, and Break (see figure 5). 
After an external hardware reset, the/uPD7281 is in the 
Normal mode of operation. The//PD7281 can enterthe 
Test mode for program debugging by inputting a 
SETBRK token (see figure 6) while the processor is in 
the Normal mode. If an overflow occurs in the Data 
Queue or the Generator Queue, the processor enters 
into the Break mode so that the internal contents of the 
processor can be examined; see table 1. Table 2 
describes the effects of software and hardware resets. 

Table 1. DUMPD Output Token Format 




MN z 



ID 



CTLF 



DATA (16-bit field) 



0000 0000 000 0111 xxxxx(5)GQ Size(5 bits) DQSize(6 bits) 



0000 0000 001 0111 xxxx(4)u(1) 



ID(7) CTLF(4) 



0000 0000 010 0111 



DATA(16) 



0000 0000 Oil 0111 XXX (3) u(1) ID(7) x(1) Cb, Sb, Ca, Sa 
0000 0000100 0111 xx(2)FTL (Lower 12 bits) xx(2) 



0000 0000101 0111 



DATAa(16) 



0000 0000110 0111 



DATAb(16) 



0000 0000111 0111 xxxxxxxxx(9) 



ID(7) 



x: Don't care u: Unused 

Table 2. Effects of Reset Operation 



Hardware Reset 



Software Reset 



MN 



^PD7281 reads in MN No Change 



High/Low Word Flip-flop Reset 



No Change 



Input Inhibit Control 



Reset (No constraint) No Change 



LT Break State 



Reset 



Reset 



Internal Operation 



Stopped 



Stopped 



DQ, GQ, and OQ Pointers Set to 



Set to 
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Figure 5. 


/JPD7281 Operation Modes 


















49-000066A 




Normal Mode 




Run and PRGM 
DOWNLOAD 




SETBRK Token/ / \ \cBRK Token 

/ /Hardware Reset Hardware Re»et\ \Queue Overflow 
/ /CRESET Token CRESETTokenV \ 




Test Mode 




Break Mode 


Program Debugging Mode 
Sets Break Condition 


Outputs Error Token 

May Use DUMP 
to Examine Contents 


Queue Overflow 
CBRK Token 















Figure 6. SETBRK (Set Break Condition) and SETMD (Set Mode) Token Formats 



SETBRK Token Format 
15 12 11 


10 




43 





15 







MN 





ID 


1 


1 


M 


COUNT 



5 



Timer Count 
Event Count 



Event Count: Breaks after the I D Link Table entry has been accessed a specified number of times. 
Timer Count: Breaks after a specified number of internal pipeline clock cycles. 



SETMD (Set Mode) 
15 12 11 10 


Token Format 


43 







15 


14 


13 


12 11 




43 





MN 





ID 








1 












Refresh Count 


IIRSD 



Input Control 

= No Input Restriction 

1 = Input Inhibited 

10 = Input Restricted 

1 1 = Not Allowed 

Refresh Count -^ .. — 



To generate refresh cycles [2ms min] for LT, FT, DM and Q. 

Refresh Counter must be adjusted for different external clock frequencies. 

Default Value = OAH [for 10MHz external clock] 

IIRSD [Input Inhibit Register Set Data]-. 



Every n'" pipeline clock cycle, the Input Inhibit is released, were n = [IIRSD] x 8 
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Input/Output Tokens 

The only way any external device can communicate 
with the//PD7281 is by using the I/O tokens (see figure 
7). Both the input and the output tokens have the same 
format so that a token may flow through a series of 
multiple processors without a format change. A 32-bit 
I/O token is divided into upper and lower 16-bit words 
and input to or output from the//PD7281 a 16-bit word 
at a time. Object code is down-loaded into the Link 



Table and the Function Table using SETLT, SETFTR, 
SETFTL and SETFTT input tokens. The contents of the 
Function Table and the Link Table can also be read 
using RDLT, RDFTR, RDFTL and RDFTT tokens. In 
order to write or read a value to and from the Data 
Memory, a program must be down-loaded and ex- 
ecuted. Once object code is down-loaded into the 
/UPD7281, data tokens are input to the processor, 
thereby initiating the processing. For a description of 
the input and output tokens, see tables 3 and 4. 



Figure 7. 


Input/Output Token Format 
















. 
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15 12 11 10 43 15 







MN 


Z 


ID 


CTLF 


Data 




MN: Module Number 
ID: Identifier 




Z: Always Zero 
CTLF: Control Field 



Table 3. 


Input Token Format 










Input Token 




High Word (16) 




Low Word (16) 


Remarks 




MN(4) 
15 12 


Z(1) 
11 


10 m 

10 4 


CTLF (4) 
3 


DATA (16) 
15 




SETLT 


MN 





LT address 


1100 


Data to be set In LT 


SetLT 


SETFTR 


MN 





FT address 


110 1 


Data to be set in FTR 


Set FT Right Field 


SETFTL 


MN 





FT address 


1110 


Data to be set in FTL 


Set FT Left Field 


SETFTT 


MN 





FT address 


1111 


Data to be set in FTT 


Set FT Temporary Field 


RDLT 


MN 





LT address 


10 




Read LT 


RDFTR 


MN 





FT address 


10 1 




Read R Right Field 


RDFTL 


MN 





FT address 


10 10 




Read FT Left Field 


RDFTT 


MN 





F address 


10 11 




Read FT Temporary Field 


CRESET 


MN 







10 




Command Reset 


SETMD 


MN 







10 1 


Mode set data 


Set Operation Mode 


SETBRK 


MN 





ID 


110 


M (1) Count (15) 


Set Break Condition 


DUMP 


MN 





xxxx(4) DUMP (3) 


111 




Dump 


CBRK 


0000 







100 




Command Break 


VAN 


1111 











Vanish Data 


PASS 


MN* 











Pass Data 


EXEC 


MN 





ID 


C S 


Data 


Normal Execution Data 



E 



* When MN is not the current module number 
x: Don't care 
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Table 4. 


Output Token Format 








Output Toker 


1 


Upper-Order Word (16) 




Lower-Order Word (16) 


Remarks 




MN(4) 
15 12 


Zin 10(7) 
11 10 4 


CTLF (4) 
3 


DATA (16) 
15 




LTRDD 


000 


LT address 


10 


Data read from LT 


FT Read Data 


FTRRDD 


000 


FT address 


10 1 


Data read from FTR 


FT Right Field Read Data 


FTLRDD 





FT address 


10 10 


Data read from FTL 


FT Left Field Read Data 


FTTRDD 





FT address 


10 11 


Data read from FTT 


FT Temporary Field Read Data 


PASSD 


MN 


ID 


CTLFD 


Data 


Pass Data 


ERR 


000 


00000 00 


100 


MN(4)M0DE(4) STATUS(5) 


1 Error Data 


DUMPD 





DUMP(3) 


111 


Dump data 


Dumped Data 


OUTD 


MN 


ID 


C S 


Data 


Output Data 



Instruction Set Summary 

Tables 5 through 8 summarize the instruction set. 
Table 5. AG/FC Instructions 



Mnemonic 


Instruction 


QUEUE 


Queue 


RDCYCS 


Read cyclic sfiort 


RDCYCL 


Read cyclic long 


WRCYCS 


Write cyclic short 


WRCYCL 


Write cyclic long 


RDWR 


Read/Write Data Memory 


RDIDX 


Read Data Memory with index 


PICKUP 


Pickup data stream 


COUNT 


Count data stream 


CONVO 


Convolve 


CNTGE 


Count generation 


DIVCYC 


Divide cyclic 


DIV 


Divide 


DIST 


Distribute 


SAVE 


Save ID 


CUT 


Cut data stream 


Table 6. 


PU Instructions 


Mnemonic 


Instruction 


OR 


Logical OR 


AND 


Logical AND 


XOR 


Logical EXCLUSIVE-OR 


ANDNOT 


Logical INVERT an operand then AND: (A«B) 


NOT 


Invert 


ADD 


Add 


SUB 


Subtract 



Table 6. PU Instructions (cont) 



Mnemonic 


Instruction 


MUL 


Multiply 


NOP 


No operation 


ADDSC 


Add and shift count 


SUBSC 


Subtract and shift count 


MULSC 


Multiply and shift count 


NOPSC 


NOP and shift count 


INC 


Increment 


DEC 


Decrement 


SHR 


Shift right 


SHL 


Shift left 


SHRBRV 


Shift right with bit reverse 


SHLBRV 


Shift left with bit reverse 


CMPNOM 


Compare and normalize 


CMP 


Compare 


CMPXCH 


Compare and exchange 


GET1 


Get one bit 


SET1 


Set one bit 


CLR1 


Clear one bit 


ANDMSK 


Mask a word with logical AND 


ORMSK 


Mask a word with logical OR 


CVT2AB 


Convert 2's complement to sign-magnitude 


CVTAB2 


Convert sign-magnitude to 2's complement 


ADJL 


Adjust long (for double precision numbers) 


ACC 


Accumulate 


COPYC 


Copy control bit 
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Table 7. 


GE Instructions 


Mnemonic 


Instruction 


COPYBK 


Copy block 


COPYM 


Copy multiple 


SETCTL 


Set control field 


Table 8. 


OUT Instructions 


Mnemonic 


instruction 


0UT1 


Output 1 tol<en 


0UT2 


Output 2 tokens 



There are four different types of instructions which can 
be specified by the SEL field of an FT token. See table 9. 

Table 9. SEL Field of an FT Token 



SEL Type 



Description 



11 AG/ FC Executes instructions specified by the Function Table 
Right field while monitoring the Function Table 
Temporary field. 

01 PU Performs arithmetic, logical, barrel-shift, bit- 

manipulation, data-conversion, etc. 

10 GE Generates a block or multiple new tokens from a token. 

Sets the control field of a token. Increments or 
decrements the data field of a token. 

00 OUT Outputs data tokens from the circular pipeline to the 
Output Queue after the tokens are finished being 
processed. 



AG/FC Instructions 

There are 16 AG/FC instructions (see table 10). They 
can be grouped into three types: Address Generator 
(AG), Flow Controller (FC), and AG/FC type. 

AG type: RDCYCS, RDCYCL, WRCYCS, WRCYCL, 
RDWR, RDIDX 

FCtype: PICKUP, COUNT, CUT, DIVCYC, DIV, DIST, 
CONVO, SAVE, CNTGE 

AG/FC type: QUEUE 

A 4-bit OP code in the Function Table right field 
specifies the instruction to be executed. 



FTR 
Field 


15 


14 13 


12 10 


9 


8 


7 6 5 4 3 


2 1 




OP code 


Varies with Instruction 


















49-000071 A 





QUEUE 

For a two-operand instruction, a QUEUE instruction is 
used to temporarily store the first operand token in the 
Data Memory until the second operand token arrives. 
The maximum Queue size is 16. See figure 8. 




Figure 8. QUEUE Instruction 



()i 



A/BiW/Ri Read Counter Write Counter 



()2 



Note: See Data-flow Grapti Explanation [figure 27] for tlie explanation of figures. 

49-000072A 
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RDCYCS [Read Cyclic Short] 

RDCYCS reads 18-bit data words from the Data 
Memory cyclically (see figure 9). The first data to be 
read is specif ied by the DM Base address. The last data 
to be read is specified by the buffer size. The Read 
Counter (RC) contains the offset address from Data 
Memory Base (DMB) address. It is incremented each 
time the Data Memory is accessed. The maximum 
buffer size is 16. 



Figure 9. RDCYCS Instruction Operation 





DM 






" 










^ 




DM Base S 




















10 
















































































m 




- 




- 










- 




- 




I J 






^-_— — -^ 
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RDCYCS Instruction Field Format 

< FTR 








FTT , 


49-000073A 




15 


1211 




43 




09 


43 







1 
01 

1 


DM BASE [X 21] 




Buffer Size 




1 Read Counter 



















RDCYCL [Read Cyclic Long] range. The first data to be read is specified by the DM 

RDCYCL reads 1 8-bit data words from the Data Memory Base address. The last data to be read is specified by 
in a cyclic manner like RDCYCS but has a longer cyclic the buffer size. The maximum buffer size is 256. 





RDCYCL Instruction Field Formal 

< FTR 








FTT 


, 


49-000075A 




15 1211 87 




09 


87 









i 1 
1 01 DM Base (X 25] \ 


Buffer Size 




1 Read Counter 

















WRCYCS [Write Cyclic Short] js specified by the DM Base address. The last address 

WRCYCS writes 18-bit data words into the Data is specified by the buffer size. The maximum buffer 
Memory cyclically. The first the Data Memory address size is 16. 





WRCYCS Instruction Field Format 

FTR 








FTT , 


49-000076A 




15 


1211 


43 




09 


43 







1 1 DM Base [x21] 




Buffer Size 




1 Write Counter 

















WRCYCL [Write Cyclic Long] cyclic range. The first DM address is specified by the 

WRCYCL writes 18-bit data words into the data memory DM Base address. The last address is specified by the 
in a cyclic manner similar to WRCYCS but has a longer buffer size. The maximum buffer size is 256. 
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WRCYCL Instruction Field Format 

FTR 








FTT 




49-000077A 




15 


1211 87 




09 


87 









1 


1 ! DM Base [x 25] I 


Buffer Size 




Write Counter 



















RDWR [Read/Write Data Memory] 

RDWR is used to write or read data to and from tiie 
Data Memory. Tiiis instruction reads/modifies/writes 
tiie Data l\/lemory witli tfie Address Register as index. 

if a tol<en arriving at tiie instruction lias FTRC bit = 0, 
tlien tlie instruction performs a DM read operation. If it 
lias FTRC bit = 1, tlien tlie instruction performs a Dl\/I 
write operation. 

For a token witli the FTRC bit = 0, the actual DM 
address location to be read is determined by the sum of 
the following three values: 8-bit Address Register (AR), 

FTRC = 





Before Read Operation 
8 7 












AR 






8 7 












Lower 8 Bits of Data Field 






8 1 







+ 


DM Base Address 

















8 









DM Address 






After Read Operation 

7 









AR 






7 







+ 


Lower 8 Bits of Data Field 














7 









AR 








4 


9-000079A 



the lower eight bits of the data field of the token, and 
the DM Base address. After the read operation, the 
lower eight bits of the token's data field is added to the 
value of AR. Additionally, the data field of the token is 
replaced by the contents read from the Data Memory 
location. 

If a token with FTRC bit = 1 is used along with RDWR, a 
write operation is performed. The Data Memory address 
location is determined by the sum of 8-bit AR and DM 
Base address. The 1 8-bit data from the token is written 
into the DM address calculated. After the write 
operation, AR is reset to OOH. 

FTRC = 1 





Before Write Operation 
8 7 









AR 






8 1 




+ 


DM Base Address 















8 






DM Address 






After Write Operation 
7 






00000000 














AR 
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R DWR Instruction Field Format 


FTR 








FTT 




49-000078A 




15 


12 11 




4 3 


9 


8 7 















DM Base 

(X211 




- 


1 Address Register 
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RDIDX [Read Data Memory with Index] 

RDIDX is used to read the contents of the Data 
Memory. This instruction is most useful when a part of 
the Data l\/lemory is used as a lool<-up table. The 
RDIDX instruction performs different operations 
depending upon the FTRC bit of the token using the 
instruction. If the FTRC bit = 0, then the instruction 
reads a Data Memory location. The DM address 
location to be read is determined by the sum of the 
following three values: the 8-bit AR, the lower eight bits 

FTRC = 



of the token's data field, and the DM Base address. 
After the read operation, the data field of the token is 
replaced by the contents of the Data Memory location 
read. The value of AR is reset to zero after the 
operation. 

If the FTRC bit = 1, no operation is performed on the 
Data Memory. However, the token's AR contents are 
replaced by the modulo-256 sum of the lower eight bits 
of data field and the current contents of AR. 

FTRC = 1 





Before Read Operation 
8 7 











AR 




8 7 










Lower 8 Bits of Data Field 




8 





+ 


DM Base 













3 





49 0001358 




DM Address 




After Read Operation 
7 















7 









AR 











7 











AR 






7 









+ 


Lower 8 Bits of Data Field 
















7 











AR 
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RDIDX Instruction Field Format 













49-O000e2A 




15 12 11 


43 


9 


87 






1 1 1 DM Base [x2ll 










Address Register (AR] 
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PICKUP [Pickup Data Stream] 

This instruction picks up every (n+1 )th token from a stream 
of incoming tokens and increments the (n+1 )th token's I D 
field by one. The number n is specified by the Count 



Size (CS) of the Function Table Right field. 

Figure 10 illustrates the PICKUP instruction with CS =3. 

Note: These figures use the data-flow graph convention. See figure 
27, Data-flow Graph Explanation fortheexplanation of figures. 





PICKUP Instruction Field Format 

, FTR 










FTT 


, 


49-000085A 




15 1211 8 7 






09 


87 









1 1 ol - 1 


Count Size 


[CS] 




1 Counter [C| 



















Figure 10. Pickup Instruction 



mr- 







COUNT [Count Data Stream] 

COUNT copies every (n-fl)th token from a stream of 
incoming tokens and increments the copied token's ID 



field by one. The number n is specified by CS of the 
Function Table Right field. Figure 11 illustrates the 
COUNT instruction with CS = 3. 





COUNT Instruction Field Format 


FTR 








FTT 




49-0001 36B 




IS 


1211 


87 




09 


87 









1 


1 1 




Count Size [CS] 








Counter [C] 
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Figure 11. COUNT Instruction 



()8 



()4 



CONVO [Convolve] 

CONVO instruction is used to perform cumulative 
operations sucli as lAj or IIAi. The CONVO instruction 
is best suited for convolving tv\^o sequences of the 
same length. Figure 12 illustrates the CONVO instruc- 
tion by computing 

n 
SUM = jAi Bj. 

i = 1 

The Aj sequence is input to IN1 while the Bi sequence 
is input to IN2. Together they are queued and multiplied 
to form the Cj sequence. The Cj's arriving at CONVO 
instruction are queued and added together to form the 
final answer SUM. The length of the summation, n, is 
specified by the CS. 



Figure 12 


. CONVO Instruction 






CS = 2n - 1 


IN1 IN2 

A| B| 




n 

X A|B| 
i = 1 


49-000088A 




QUEUE 




MUL 


















Ci 






CONVO 






ID 






ID + 2 








ID + 


1 




QUEUE 




ADD 

























CONVO Instruction Field Format 


FTR 




>l. 




FTT 




49-000089A 




• 
15 


12 11 


87 




T 

09 


87 




1 




1 1 1 1 1 - 1 Count Size [CS] 






Counter [C] 
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CNTGE [Count Generation] 

CNTGE is normally used with COPYBK (Copy Block) 
to generate more than 16 copies of a single token (see 
figure 1 3). This instruction has both the dead (inactive) 
state and the wait (active) state. The instruction starts 
in the dead state. The FTRC bit = tokens that arrive 
during the dead state of instruction are output to the I D 
+ 2 token stream. It enters the wait state when a token 
with FTRC bit = 1 arrives and the token is output to ID 
token stream. Once the instruction is in the wait state, 
it counts the number of tokens arriving with FTRC bit = 
0, outputting them to the ID token stream, until the 
number exceeds the number specified by CS. If Counter 
(C) reaches the number specified by Count Size (CS), 
the instruction automatically enters the dead state. 
Tokens with the FTRC bit = 1 arriving at CNTGE while 
the instruction is in the wait state are deleted by the 
instruction. Once the instruction enters the dead state, 
it can be reactivated by the arrival of a token with FTRC 
bit = 1. 



Figure 13. CNTGE Instruction 















1 


() 








1 i 






CS = 2 


CNTGE 






GS = 3 


COPYBK 










1() 








ICS = 2 
1( 


) 






1( 

GS = 3- lf 

_ 1C 


) 






GS = 3- 1C 

1C 


!CS = V) 




" 1( 
GS = 3- 1 f 

l( 


ICS = 


D + 1 














CNTGE Instruction Field Formal 


FTR 




- .1. 




FTT 




49-000090A 




15 


12 11 


87 




T 

9 8 


7 









1 1 


101 




Count Size [CS] 




W/Ol 
1 


Counter [C] 
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DIVCYC[ Divide Cyclic] 

DIVCYC divides an incoming stream of tokens into two 
streams of tokens: an ID token stream and an ID + 1 
token stream. The pattern in which the incoming 
tokens are divided is specified by the Divide Size (DS) 
and Count Size (CS). The DS specifies cycle size 
whereas CS specifies the number of consecutive 
tokens to be in the ID stream. The first CS -I- 1 tokens 
are output to the ID token stream. The following 
consecutive (DS - CS) tokens are output to the ID + 1 
token stream. 

Figure 14 illustrates the DIVCYC instruction with 
DS = 7 and CS = 2. Note that an incoming stream of 
tokens is divided into a stream of ID tokens and a 
stream of ID 4- 1 tokens with a cycle of 8 tokens. Since 
CS = 2, the number of ID tokens in one cycle is 3, the 
number of ID + 1 tokens in a cycle is 5. 



FIgun 14. DIVCYC Instruction 



CS = 





DIVCYC Inttruction Flald Format 

. FTR 


>l. 


FTT 


, 


49-000092A 




15 


1211 


87 


T 

43 09 


87 43 







1 


1 Oi 


1 Count Size [CS] 


1 DivldaSiza[DS] 




1 Countar [C] 1 


Countar [C] 
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DIV [Divide] 

DIV with CS = n divides an incoming stream of tokens 
with FTRC bit = into two streams of tokens: I D tokens 
and ID + 1 tokens. The first (n + 1 ) incoming tokens with 
FTRCbit = Oare output as the I D tokens, and the rest of 
the incoming tokens with FTRC bit = are output as 
ID + 1 tokens. An incoming token with FTRC bit = 1 is 
used to reinitialize the DIV instruction. The stream of 
input tokens with FTRC bit = after the reinitialization 
isagaindividedintoastreamof(n + 1) ID tokens followed 
by ID + 1 tokens. A token with FTRC bit = 1 which 
reinitializes the DIV instruction is deleted from the 
output token stream. A DIV instruction with CS = 3 is 
illustrated in figure 15. The 10th and 16th input tokens 
have FTRC bit = 1, so they reinitialize the DIV 
instruction. 



Figure 15. DIV Instruction 



FTRC = FTRC = 1 
IN2 



()16 



C)lO 



()15 



ID ID + 1 

Not*: Tokans [10] and [16] are dalatcd 






DIV Instruction Field Format 


FTR 




.L 


FTT 




49-00009SA 




15 1211 


87 




9 8 7 









1 1 1 1 




Count Size [CS] 




S/F] - 1 
1 1 


Counter |C] 
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DIST [Distribute] 

DIST is used to divide a stream of incoming tol<ens 
with tlie same ID into more tiian one stream of tol<ens 
witti different IDs (see figure 16). Tiie AID size 
determines the maximum number of output token 
streams the instruction can have. AID is the value 
added to an incoming token's ID field to form the ID 
field of the output token. The AID field is initially set to 
zero, and it is incremented by one after a token with 
FTRC bit = 1 passes through the instruction. However, 
a token with FTRC bit = has no effect on the value of 
AID field. If the value of AID before being incremented 
by a token with the FTRC bit = 1 is equal to the 
contents of the AID size field, the AID field will be reset 
to zero. 



Figure 16. DIST Instruction 



Initial state:AlD = 
When A ID Size = 3 

FTRC = FTRC = 1 

Oil 



C)9 



[]■ 



C)io 

8; 

()4 



mrr 



()8 



8i 





DIST Instruction Field Format 


FTR 






>l. 


FTT 






49-000103A 




15 


1211 




43 




09 


43 












1 01 


- 




A ID size 






i 


A ID 
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SAVE [Save ID] 

SAVE is used to set the value of the ID field of a token. 
The instruction performs two different operations 
depending on whether the token's FTRC bit is 1 or 0. If 
the token's FTRC bit = 0, the instruction copies the lower 
eight bits of the data field into the Identifier Stack 
Register (IDSR) field. However, if the token's FTRC bit 
is 1, the instruction replaces the token's ID field with 
the contents of IDSR. 

Figure 17 illustrates the use of the SAVE instruction. 
Token 1 assigns an ID field value of 10H to tokens 2, 3, 
4 and 5, token 6 assigns an ID field value of 20H to 
tokens 7 and 8, and token 9 assigns an ID field value of 
30H to tokens 10, 11 and 12. In thisexample, tokens 1,6 
and 9 are deleted after SAVE instruction. 



Figure 1 7. SA VE Instruction 



9()DATA 30H 
6 C) DATA 20H 



1 ( ) DATA 10H 



8; 




E 





SAVE Instruction Field Format 




J. 








49-000105A 




15 


1211 




T 

09 


87 









1 


1 1 

1 










ID Stack Register [IDSR] 
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CUT [Cut Data Stream] 

CUT is used to delete unnecessary tokens from a 
series of incoming tol<ens. The first n tokens arriving at 
tiie instruction are deleted, where n is the value 
contained inthe CS field of theinstruction.lnitiallythe 
S/F bit and the Counter (C) are set to zero. When a 
token with its FTRC bit = enters the instruction while 
S/F bit is zero, the token increments the Counter by 
one and the token itself is deleted. As the first (n + 1) 
tokens are deleted by the instruction, the Counter has 
the same value as n, the contents of CS field. This 
condition sets the S/F bit to 1 . When the S/F bit is 1 , a 
token with its FTRC bit = can pass through the 
instruction without being deleted. However, if a token 
with its FTRC bit = 1 passes through the instruction, it 
resets the S/F bit to 0, thereby reinitializing the instruc- 
tion. The token with its FTRC bit = 1 is also deleted 
after reinitializing the instruction. Figure 18 illustrates 
the use of CUT to delete tokens 7 and 12 and the three 
tokens following them. 



Figure 18. CUT Instruction 



FTRC^O FTRC 1 



()12 



Or 



()11 





CUT Instruction Field Format 


FTR 






FTT 




49-000107A 




15 


1211 


87 




9 8 7 









1 


1 
1 1.1 




Count Size [CS] 




S/F] - j 
1 1 


Counter [C] 
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Table 10. AG and FC Instructions 



Mnemonic 


Fl 
15141312 


PR (161 

11 1098 76543210 


FTT(IO) 

9876543210 


FTHC 
(1) 


Operation 


QUEUE 


11 


DM Base 

(x2l) 

(8) 


Queue 

Size 

(4) 


A 
/ 
B 


W 
/ 
R 


Read 

Counter 

(4) 


Write 

Counter 

(4) 




Synchronize two tokens 







DM Base 
(X 21) 
(DMB) 
(8) 


Buffer 
Size 
(BS) 
(4) 


(6) 


Read 
Counter 
(RC) 
(4) 





DATA - (DMB + RC), RC - RC + 1 


RDCYCS 


1 


DATA - (DMB + RC), RC •- RC + 1, when BS = RC, 
copy with ID + 1 




10 


DM Base 

(x25) 

(4) 


Buffer Size 
(8) 


(2) 


Read 

Counter 

(8) 





DATA - (DMB + RC), RC - RC + 1 


RDCYCL 


1 


DATA - (DMB + RC), RC - RC + 1, when BS = RC, 
copy with ID + 1 




1 


Base 
(x2l) 
(8) 


Buffer 

Size 

(4) 


(6) 


Write 
Counter 
(WC) (4) 





(DMB + WC) - DATA, WC - WC + 1, delete token 


WRCYCS 


1 


(DMB + WC) - DATA, WC - WC + 1, when BS = WC, 
token not deleted 




10 1 


DM Base 

(x25) 

(4) 


Buffer Size 
(8) 


(2) 


Write 

Counter 

(8) 





(DMB + WC) - DATA, WC *- WC + 1, delete token 


WRCYCL 


1 


(DMB + WC) - DATA, WC - WC + 1, when BS = WC, 
token not deleted 


RDWR 


10 


DM Base 
(X 21) (8) 


(4) 


(2) 


Address Register 
(AR) (8) 





DATA - (DMB + AR + DATA), AR - AR + DATA 


1 


(DMB + AR)- DATA, AR-0 


RDIDX 


10 1 


DM Base 
(x2l)(8) 


(4) 


(2) 


Address 


Register 
(8) 





DATA ~ (DMB + AR + DATA), AR - 


1 


AR - AR + DATA 


PICKUP 


110 


(4) 


Count Size 
(CS) (8) 


(2) 


Counter (C) 
(8) 





When CS5^C, C-C+1; when CS=C, distribute, C-0 


1 


C - C + DATA, token deleted 


COUNT 


110 1 


(4) 


Count Size 
(8) 


(2) 


Counter 
(8) 





When CS y^ C, C *- C + 1; when CS = C, copy token, 
C-0 




1 


C - C + DATA, token deleted 


CUT 


111 


(4) 


Count Size 
(8) 


S 

/ 
F 


(1) 


Counter 
(8) 





When S/F = and C < CS, C - C + 1, delete token; 
when S/F = and C> CS, or when S/F = 1, C - C+1, 
token not deleted 




1 


S/F-0,C-0, token deleted 


DIVCYC 


10 10 


(4) 


Count 

Size 

(4) 


Divide 
Size 
(4) 


(2) 


Counter 
(4) 


Counter 
(4) 





When C < CS, C - C + 1; when C> CS, distribute, 
C - C + 1; C-C. When C = DS, C - 




1 


C - C -f DATA, token deleted 


DIV 


10 11 


(4) 


Count Size 
(8) 


S 

/ 

F 


(1) 


Counter 
(8) 





When S/F=0 and C < CS, C - C+1; when S/F = 
and C > CS, or when S/F = 1, distribute, C *- C + 1; 




1 


S/F - 0, C - 0, token deleted 




10 


(8) 


AID 
Size 
(4) 


(6) 


AID 

(4) 





ID - (ID + AID) modulo AID size 


DIST 


1 


When AID 5^ AID size, ID-(ID+AlD) modulo AID size, 
AID ~ AID + 1. When AID = AID size, AID - 


CONVO 


1111 


(4) 


Count Size 
(8) 


(2) 


Counter 
(7) 


(1) 




When CS ?^ C, ID - ID + C (modulo 2), C *- C + 1; 
when CS = C, ID *- ID + 2, C - 


SAVE 


1 1 


(12) 


(2) 


ID Stack Register 
(8) (IDSR) 





IDSR - Lower 8-bit of DATA 


1 


ID -IDSR 


CNTGE 


1110 


(4) 


Count 
Size 


W 
/ 
D 


(1) 


Counter 
(8) 





When dead, ID - ID + 2; when wait, if C = CS, C - 0, 
W/D = 0; when wait, if C 5^ CS, C - C + 1 




(8) 




1 


When dead, initialization; when wait, delete token 



E 
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PU Instructions 



13 12 11 109 8 7 



P. 


X 

c 

H 


OUT 


B 
R 
C 


C 

N 


P 


PNZ 


OP 



F/L: Full/Left 

XCH: Exchange 

0UT:Output 

BRC: Branch Control 

CNOP: C-Bit NOP 

PNZ: Positive, Negative, or Zero 

OP: Op code 



PU instructions (see table 20) are stored in the Function 
Table Left field of the Function Table memory. The bits 
through 11 are used as control information for the 
Processing Unit. The bits 12 and 13 are deleted before 
the token arrives at the Processing Unit. Two operands 
from the A and B sides are operated on by the 
Processing Unit and the result is output to the X and Y 
sides (see figure 19). 

Figure 19. The Processing Unit 



Ca Sa DATAa 



Cb Sb DATAb 




Cy Sy 
Cx Sx 



DATAy 
DATAx 



Bit Assignments 

F/L [Full/Left]: F/L bit = indicates that the PU 
instruction is a one-operand instruction, and only the 
Function Table Left field is meaningful. F/L bit = 1 
indicates that the PU instruction is a two-operand 
instruction, and both the Function Table Left field and 
the Function Table Right field are meaningful. Therefore, 
when F/L bit = 1, the PU instruction is used in 
conjunction with an AG/FC instruction. 



XCH [Exchange]: This bit controls the exchange 
operation. Operands will be exchanged just before the 
two tokens enter the QU EU E when XCH = 1 . 

OUT [Output]: There are four different PU output 
token formats. The two OUT bits specify the output 
token format. See table 1 1 . 



Table 11. 


OUT Bits 






OUT Bits 


No. of Outputs 


First Output Second Output 
iO DATA,C,S ID DATA,C,S 


00 


1 


ID 


X1 


01 


1 


ID 


Y2 


10 


2 


ID 


X ID + 1 X 


1 1 


2 


ID 


X ID + 1 Y 



Notes: 1. This is the 18-bit result of the operation output to the X 
side. It includes the Cx and Sx bits. 
2. This is the 18-bit result of the operation output to the Y 
side. It includes the Cy and Sy bits. 

BRC [Branch Control]: The BRC bit controls the flow 
of the PU output data token. The output data token 
may be output to either the ID token stream or the 
ID + 1 token stream. When the BRC bit is set to 1 and 
the C bit of the PU output data token is also 1 , the output 
data token is sent to the ID -I- 1 token stream. But when 
the BRC bit is set to 1 and the C bit of the output data 
token is 0, the token is sent to the ID token stream. 
Therefore, using the BRC bit implements a conditional 
branch on C. 

CNOP Bit: This bit informs the Processing Unit whether 
or not the incoming token should be processed. If the 
CNOP bit is set, and the Ca bit is not equal to the Cb bit, 
then the token passes through the Processing Unit 
with no operation performed. See table 12. 

Table 12. CNOP Bit 



Ca 


Cb 


PU Operation 








Processing specified by the OP code is 
performed. 





1 


Token passes through the Processing Unit as 
NOP. 


1 





Token passes through the Processing Unit as 
NOP. 


1 1 Processing specified by the OP code is 
performed. 



PNZ [Positive, Negative, Zero] Field: The PNZ field is 
used to test the resulting condition of the PU operation. 
If the resulting condition matches the condition set by 
the PNZ field, then the C bit of the output data token is 
set to 1. See table 13. 
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Table 13. PNZ Field 










P N 


Z Condition 


cx 


cy 


Assembler 
Description 





No condition set 


Ca 


Cb 









1 Result of operation = 
Result of operation 9^ 


1 
b 


1 




EQ 


True 




False 


1 


Result of operation < 
Result of operation > 


1 




1 




LT 


True 




False 


1 


1 Result of operation <0 
Result of operation > 


1 




1 
b 


LE 


True 




False 


1 


Result of operation > 


1 




1 




GT 


True 




Result of operation <0 


False 


1 


1 Result of operation > 
Result of operation <0 


1 




1 




GE 


True 




False 


1 1 


Result of operation 7^0 
Result of operation = 


1 




1 




NE 


True 




False 


1 1 


1 Overflow generated 
No overflow generated 


1 




1 




OVF 


True 




False 



OP Code Field: This 5-bit OP code field specifies the PU 
operations to be performed. See table 14 

Table 14. OP Code Field 



Instruction 



Logical 



Arithmetic 



Shift 



Mnemonic 



OR 
AND 
XOR 
ANDNOT 
NOT 



ADD 
ADDSC 

SUB 
SUBSC 

MUL 
MULSC 

NOP 
NOPSC 

INC 

DEC 



SHL 
SHLBRV 

SHR 
SHRBRV 



Opcode 



00000 
00001 
00010 
00011 
01100 



11000 
11100 
11001 
11101 
11010 
11110 
11011 

11111 

01010 
01011 



00100 
00101 
00110 
00111 




Compare 


CMPNOM 


01000 




CMP 


01001 




CIVIPXCH 


10001 


Bit manipulation 


GET1 


10101 




SET1 


10110 




CLR1 


10111 


Bit check 


ANDMSK 


01101 




ORMSK 


10000 


Data conversion 


CVT2AB 


01110 




CVTAB2 


01111 


Double precision adjust 


ADJL 


10100 


Accumulative addition 


ACC 


10010 


C bit copy 


COPYC 


10011 
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Logical Instructions 

These instructions perform 16-bit logical operations 
on DATAa and DATAb- Usually there are no changes 
in C and S bits between the input token and the output 
token, however C bits can be affected by PNZ condition 
when specified. 

OR, AND, XOR: These instructions perform 16-bit 
logical OR, AND, and XOR operations using input data 
tokens from the A and B sides of the Processing Unit. 
The 16 bit result is output to the X side. 

ANDNOT: This instruction first complements DATAa 
and then performs logical AND operation with DATAb- 
The 16-bit result is output to the X side. 

NOT: This is a one-operand instruction which requires 
1 6-bit data input from the A side only. The B side input 
is ignored. This instruction complements the 16-bit 
input data from the A side. The 1 6-bit result is output to 
theX side. 

Arithmetic Instructions 

These instructions perform 17-bit (including the sign 
bit) arithmetic operations on DATAa and DATAb- When 
a PNZ condition is specified, the bits of output data, 
Ox and Cy, reflect the setting. However, if no PNZ 
condition is specified (i.e., PNZ = 000), then Ox ^ Ca 
and Cy *- Cb- 

ADD, SUB: These instructions perform addition or 
subtraction on DATAa and DATAb along with the sign 
bits, Sa and Sb- The result is output to the X side. 
DATAy is normally OOOOH. However, if an overflow 
occurs, then DATAy is equal to +0001 H (Sy = 0). If an 
underflow occcurs, then the DATAy is equal to — 0001 H 
(Sy=1). 

IVIUL: This instruction multiplies DATAa and DATAb- 
The correct sign bit for the product is determined from 
Sa and Sb- The 33-bit result including a sign bit is 
output as two 1 7-bit words, Sx and DATAx, followed by 
Sy and DATAy. DATAx 's the upper 16-bit word and 
DATAy is the lower 16-bit word. Sx holds the resulting 
sign bit, and Sy is a mere duplicate of Sx. 

NOP: This instruction performs no operation on the 
input token. The input data from A and B sides are 
output to the X and Y sides, respectively, without any 
change in their contents. If any control other than the 
OP code (such as PNZ control, BRC control, etc.) has 
been specified, the output complies with the control. 

Shift Count Instructions 

These four Shift Count (SO) instructions first perform 
the normal operations, then count the number of 
leading zeros in DATAx of the result, and finally output 



the number of zeros as DATAy (see table 15). These 
instructions are provided for easy floating point 
processing. 

ADDSC, SUBSC, NOPSC: These instructions perform 
addition, subtraction, or no operation. The number of 
preceding zeros in DATAx of the result is output as 
DATAy. If an overflow or an underflow occurs as a result 
of an operation, DATAy contains + 0001 H (Sy = 0) or 
-0001 H (Sy = 1), respectively. 

MULSC: This instruction performs a normal multi- 
plication operation using the two 17-bit data. The 
upper order 16-bit data and its sign bit are output as 
DATAx and Sx, but the lower 1 6-bit data is not output as 
DATAy. Instead, the number of preceding zeros in 
DATAx are counted and output as DATAy. The Sy bit is 
always zero. 

Table 15. Shift Count Operation 



OATAx After Operation 



SC Output (Y) 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Sy Y Data 

























































1 H 












































1 











F H 









































1 


X 











E H 






































1 


X 


X 











D H 



































1 


X 


X 


X 











C H 
































1 


X 


X 


X 


X 











B H 





























1 


X 


X 


X 


X 


X 











A H 


























1 


X 


X 


X 


X 


X 


X 











9 H 























1 


X 


X 


X 


X 


X 


X 


X 











8 H 




















1 


X 


X 


X 


X 


X 


X 


X 


X 











7 H 

















1 


X 


X 


X 


X 


X 


X 


X 


X 


X 











6 H 














1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 











5 H 











1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 











4 H 








1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 











3 H 





1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 











2 H 





1 X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 











1 H 


1 


X X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 











H* 



Notes: * When an overflow or underflow has occurred 
X don't care 

Increment and Decrement Instructions 

INC, DEC:These instructions increment or decrement 
the 17-bit data from the A side (Sa and DATAa), and 
outputs the result to X side as Sx and DATAx. The Sy 
and DATAy are normally zero. However, if an overflow 
or an underflow occurs, then the Y side outputs + 0001 H 
(Sy = 0) or - 0001 H (Sy = 1), respectively. 

Shift Instructions 

SHR [Shift Right], SHL [Shift Left]: SHR or SHL 

instructions perform a barrel-shifting operation on the 
16-bit data, DATAa. The actual number of shifts and 
the direction is further specified by the lower five bits 
of DATAb and Sb, respectively. See figure 20 for 
detailed operation explanations. 
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Figure 20. SHR and SHL 



Right Shift [SHR execution] 

Lowers bits 
of DATAb 

|No. olshills 

00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 
010 11 
01100 
01101 
01110 
01111 

1 xxxx 



Left Shift [SHL execution] 

Lower 5 bits 
of DATAb 

|No. ofshitls l 

00000 

0000 1 

0001 D 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 

1 xxxx 



Al5 Ai4-Ai Ao 



A15-A5 "~l 



00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 

1000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 

1 xxxx 



A15 A14...A1 Ao 



A15...A0 



00000 
00001 
00010 
0001 1 
00100 
0010 1 
00110 
00111 
01000 
01001 
01010 
01011 
01100 
0110 1 
01110 
01111 

1 xxxx 
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SHRBRV [Shift Right with Bit Reverse], SHLBRV 
[Shift Left with Bit Reverse]: SHRBRV or SHLBRV first 
reverses the order of the bits in DATAa and then 
performs a normal SHR or SHL operation, respectively. 
See figure 21. 

Compare Instructions 

The Compare instructions (see table 16) are different 
from other PU instructions in that PNZ conditions 
must be specified along with the instructions. When a 
compare instruction is used along with a specified 
PNZ field, the Processing Unit performs a subtract 
operation. This subtract operation produces a set of 
PNZ flags, which are compared against the PNZ field 
specified by the instruction. When these two PNZ 
fields coincide, the specified PNZ conditions are said 
to be true. When they do not coincide, the specified 
PNZ conditions are said to be false (see table 1 7). The 
output data from the Processing Unit differs signifi- 
cantly depending on the PNZ conditions. The following 
three instructions compare the 17-bit data (Sa and 
DATAa) from the A side against the 1 7-bit data (Sb and 
DATAb) from the B side. 

CiMPNOiVI [Compare and normaiize]: If the specified 
PNZ conditions are false, then the control bits, sign 
bits and data for both the X and Y sides are set to zero. 
If the PNZ conditions are true, then Cx and Cy are set 
to one, Sx and Sx are set to zero, DATAx is set to 
0001 H, and DATAy is set to OOOOH. 

Ci\/IP [Compare]: This instruction outputs the 17-bit 
data words from the A and B sides to the X and Y sides 
without any change in their contents. It only alters the 
control bits. If the specified PNZ conditions are true, 
then Cx and Cy are set to one. If the PNZ conditions are 
false, then Cx is set to one and Cy is set to zero. 

CiMPXCIH [Compare and exchange]: If the specified 
PNZ conditions are true, then both the input data from 
the A side and B side are unchanged and output to the X 
side and Y side, respectively, including their sign bits 
and the control bits. However, if the PNZ conditions 
are false, then the input data from the A side is 
exchanged with the input data from the B side, in- 
cluding the control and sign bits. 



Figure 21. Bit Reversal Operations In SHRBR V and 
SHLBRV 



MSB 










LSB 


Before 

After 

490CK)318A 


[^ 


14 13 12 1 


1 10 


9 . 7 6 S 


4 3 2 


1 A„| 


MSB_, 


^^~~^ 


::::: 


-< 




~— -^SB 


K 


12 3 4 5 


, 7 


. S 10 1, 


12 .3 


14 A„| 
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PNZ Field Conditions for Compare 
Instructions 



PNZ Condition 


True/ 
False 


Function 


Mnemonic 


1 Sa DATAa = Sb DATAb 


True 


Equal 


EQ 


Sa DATAa ^Sb DATAb 


False 


Not equal 




1 Sa DATAa < Sb DATAb 


True 


Less than 


LT 


Sa DATAa >Sb DATAb 


False 


Greater or equal 




1 1 Sa DATAa ^ Sb DATAb 


True 


Less or equal 


LE 


Sa DATAa >Sb DATAb 


False 


Greater than 




1 OSa DATAa >Sb DATAb 


True 


Greater than 


GT 


Sa DATAa ^ Sb DATAb 


False 


Less or equal 




1 1 Sa DATAa > Sb DATAb 


True 


Greater or equal 


GE 


Sa DATAa < Sb DATAb 


False 


Less than 




1 1 Sa DATAa ?^ Sb DATAb 


True 


Not equal 


NE 


SaDATAa=Sb DATAb 


False 


Equal 





Note: The significance of the PNZ bits when Compare instructions 
are executed differs from that of other instructions. Here, the 
use of PNZ = 1 1 1 or 000 is prohibited. 



TaWe 16. 


Compare Instructions 
























input 










Output 










Ca 


Sa 


DATAa 


Cb 


Sb 


DATAb 


Cx 


Sx 


DATAx 


Cy 


sy 


DATAy 




CMPNOM 


Ca 


Sa 


A 


Cb 


Sb 


B 








OOOOH 








OOOOH 


When PNZ is False 




Ca 


Sa 


A 


Cb 


Sb 


B 


1 





0001 H 


1 





OOOOH 


When PNZ is true 


CMP 


Ca 


Sa 


A 


Cb 


Sb 


B 





Sa 


A 





Sb 


B 


When PNZ is false 




Ca 


Sa 


A 


Cb 


Sb 


B 


1 


Sa 


A 


1 


Sb 


B 


When PNZ is true 


CMPXCH 


Ca 


Sa 


A 


Cb 


Sb 


B 


Ca 


Sa 


A 


Cb 


Sb 


B 


When PNZ is true 




Ca 


Sa 


A 


Cb 


Sb 


B 


Cb 


Sb 


A 


Ca 


Sb 


A 


When PNZ is false 
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Bit Manipulation Instructions 

GET1 [Get one bit]: This instruction is used to read a 
particular bit from DATAa (see table 1 8). A bit of DATAa 
specified by the lower 4 bits of DATAb is output as the 
least significant bit of DATAx. All other bits of DATAx 
are set to zero. DATAy is also set to zero. The control 
bits and the sign bits of DATAx and DATAy are as 
follows: Cx ^ Ca, Cy ^ Cb, Sx ^ Sa, Sy ^ 0. 
SET1 [Set one bit]: This instruction is used to set a 
particular bit of DATAa. The bit of DATAa to be set is 
specified by the lower 4 bits of DATAb. After the bit is 
set, the 16-bit result is output as DATAx. DATAy is 
always output as zero. The control bits and the sign bits 
of DATAx and DATAy are as follows: Cx *- Ca, Cy — Cg, 
Sx ^ Sa, Sy *- 0. 

CLR1 [Clear one bit]: This instruction is used to reset a 
particular bit of DATAa. The bit of DATAa to be reset is 
specified by the lower 4 bits of DATAb. After the bit is 
reset (cleared), the 16-bit result is output as DATAx. 
DATAy is always output as zero. The control bits and 
the sign bits of DATAx and DATAy are as follows: Cx ^ 
Ca, Cy *- Cb, Sx *" Sa, Sy *- 0. 



Table 18. 


Bit Addressing 




DATA 
3 2 


BBit 
1 


DATAa Bit Position 














1 


1 





1 


2 





1 1 


3 


1 





4 


1 


1 


5 


1 


1 


6 


1 


1 1 


7 


1 





8 


1 


1 


9 


1 


1 


10 


1 


1 1 


11 


1 1 





12 


1 1 


1 


13 


1 1 


1 


14 


1111 15 



Bit Check instructions 

ANDMSK[Masl(a word with logical AND]: This instruc- 
tion tests certain bits in DATAa. The bits in DATAa to be 
tested are first masked with a bit pattern in DATAb. 
Only those bits in DATAa corresponding to the one bits 
of DATAb are considered. Then only those masked bits 



of DATAa are ANDed together to set or reset the 
control bits, Cx and Cy. If the result of the AND 
operation is 1 , then both the Cx and Cy are set to 1 . If 
the result of the operation is 0, then the both Cx and Cy 
are set to 0. The rest of the output data fields are the 
following: Sx*-SA,Sy*-SB, DATAx ^DATAa, DATAy - 
DATAb- 

ORMSK[Maskawordwith logical OR]: This instruction 
tests certain bits in DATAa. The bits in DATAa to be 
tested are first masked with a bit pattern in DATAb- 
Only those bits in DATAa corresponding to the one bits 
of DATAb are considered. Then only those masked bits 
of DATAa are ORed together to set or reset the control 
bits, Cx and Cy. If the result of the OR operation is 1 , 
then both Cx and Cy are set to 1. If the result of the 
operation is 0, then the both Cx and Cy are set to 0. The 
rest of the output data fields are the following: Sx *- Sa, 
Sy - Sb, DATAx *- DATAa, DATAy - DATAb. 
Data Conversion Instructions 

CVT2AB [Convert two's complement to sign-magnitude] : 

This instruction converts a 16-bit number in two's 
complement form to a 17-bit number in sign-magnitude 
form. The sign of the two's complement number is 
output as the Sx bit. 

CVTAB2 [Convert sign-magnitude to two's comple- 
ment]: This instruction converts a 17-bit number 
in sign-magnitude form to a 16-bit number in two's 
complement form. This operation has the potential 
danger of an overflow or an underflow. If an overflow or 
an underflow occurs, the Cx bit is set to 1. 

Double Precision Adjustment instruction 

ADJL [Adjust long]: This instruction is used to adjust a 
double precision number, in which the sign bits of the 
upperand lower words are different. This situation may 
occur after a double precision arithmetic operation. 
The examples in table 19 illustrate the adjustments of 
double precision numbers. 




Table 19. 


Double Precision Adjustment Examples 




Input/Output 


Sign 


Data 


Input 


High (A data) 





1234H 




Low (B data) 





5678H 


Output 


High (X data) 





1234H 




Low (Y data) 





5678H 


Input 


High (A data) 





1234H 




Low (B data) 


1 


5678H 


Output 


High (X data) 





1233H 




Low (Y data) 





A988H 


Input 


High (A data) 


1 


1234H 




Low (B data) 





5678H 


Output 


High (X data) 


1 


1233H 




Low (Y data) 


1 


A988H 
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Accumulative Addition Instruction 

ACC [Accumulate]: This instruction (see figure 22) 
performs cumulative additions of incoming tolcens' 
data fields. The incoming tokens are classified into 
type 1 and type 2 tokens. A type 1 token is deleted after 
the ACC operation, but a type 2 token is not. Moreover, 
a type 2 token reads the contents of the ACC register, 
which contains the accumulated sum of tokens. When 
a type 2 token reads the contents of the ACC register, 
the ID field of the token is unchanged. However, if an 
overflow has occurred prior to the arrival of a type 2 
token, the ID field is incremented by one. Only the 
following three tokens qualify as type 2 tokens. 

1. If the ACC instruction is used along with RDCYCS 
instruction, and the token's FTRC bit = 1, and the 
Buffer Size and Read Counter of RDCYCS instruction 
are equal. 

2. If the ACC instruction is used along with RDCYCL 
instruction, and the token's FTRC bit = 1, and the 
Buffer size and Read Counter of RDCYCL instruction 
are equal. 

3. If the ACC instruction is used along with COUNT 
instruction, and the token's FTRC bit = 0, and the 
Count Size and Counter of COUNT instruction are 
equal. 

C Bit Copy Instruction 

COPYC [Copy control bit]: This instruction copies the 
control bit of the A side and outputs it as Cy. 

Cx - Ca, Sx - Sa, DATAx - DATAa, Cy - Ca, 
Sy - Sb, DATAy - DATAb. 



Figure 22. ACC Instruction 



All Type 1 Tokens- 



No Outgoing Tokens 



-Type 2 Token 



•Type 1 Tokens 



Sum= Z[DATAa1| 



/> < 



-If an overflow occurs 
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Table 20. PU Instruction (Sheet 1 of3) 


Input 










Output 








Mnemonic OP Code C^ S^ DATA^ Cb 


Sb 


DATAb 


Cx 


Sx 


DATAx Cy 


SY 


DATAy 


Notes 


Logical Operations 



OR 

AND 

XOR 



00000 



Ca Sa 



Cb Sb b Cx Sa aorb Cy 



OOOOH 



00001 


Ca 


Sa 


A 


Cb 


Sb 


B 


Cx 


Sa aandb 


Cy 





OOOOH 


00010 


Ca 


Sa 


A 


Cb 


Sb 


B 


Cx 


Sa axorb 


Cy 





OOOOH 


0001 1 


Ca 


Sa 


A 


Cb 


Sb 


B 


Cx 


Sa aandb 


Cy 





OOOOH 



Ca Sa 



Cx Sa 



Cy 



OOOOH 



Arithmetic Operations 



ADD 11000 



Ca 





A 


Cb 





6 


Cx 





A + B 


Cy 





* 




Ca 





A 


Cb 


1 


B 


Cx 





A-B 


Cy 





OOOOH 


When A > B, Sx = 




Cx 


1 


B-A 


Cy 


1 


OOOOH 


When A < B, Sx = 1 


Ca 


1 


A 


Cb 





B 


Cx 





B-A 


Cy 





OOOOH 


When A < B, Sx = 




Cx 


1 


A-B 


Cy 


1 


OOOOH 


WhenA>B,Sx = 1 


Ca 


1 


A 


Cb 


1 


B 


Cx 


1 


A + B 


Cy 


1 


* 




Ca 





A 


Cb 





B 


Cx 





A + B 


Cy 


Ss 


No. of 
shifts t 




Ca 





A 


Cb 


1 


B 


Cx 





A-B 


Cy 


Ss 


* 


When A > B, Sx = 




Cx 


1 


B-A 


Cy 


Ss 


No. of 
shifts t 


When A < B, Sx = 1 


Ca 


1 


A 


Cb 





B 


Cx 





B-A 


Cy 


Ss 


* 


When A < B, Sx = 




Cx 


1 


A-B 


Cy 


Ss 


No. of 
shifts t 


When A > B, Sx = 1 



ADDSC 1110 




Ca 



Cb 



B 


Cx 


1 A + B 


Cy 


Ss 


No. of 
shiftst 




B 


Cx 


A-B 


Cy 





OOOOH 


WhenA>B,Sx = 




Cx 


1 B-A 


Cy 


1 


OOOOH 


When A < B, Sx = 1 



SUB 



Ca 



110 01 Ca 



Cb 



Ca 





A 


Cb 


1 


B 


Cx 





A + B 


Cy 





* 


Ca 


1 


A 


Cb 





B 


Cx 


1 


A + B 


Cy 


1 


* 



Ca 



Cb 



Cx 





B-A Cy 





OOOOH 


WhenA<B,Sx = 


Cx 


1 


A-B Cy 


1 


OOOOH 


When A > B, Sx = 1 


Cx 





A-B Cy 


Ss 


No. of 
shifts t 


WhenA>B,Sx = 



Ca 



Cb 



Cx 1 B-A Cy Ss 



No. of When A < B, Sx = 1 
shiftst 



SUBSC 11101 



Ca 





A 


Cb 


1 


B 


Cx 





A + B 


Cy 


Ss 


No. of 
shifts t 


Ca 


1 


A 


Cb 





B 


Cx 


1 


A + B 


Cy 


Ss 


No. of 
shifts t 



Ca 



Cb 



Cx 





B-A Cy 


Ss 


No. of 
shifts t 


WhenA<B,Sx = 


Cx 


1 


A-B Cy 


Ss 


No of 


WhenA>B,Sx = 1 



IVIUL 


11010 


Ca 


Sa 


A 


Cb 


Sb 


6 


Cx 


Sx 


AxB 
High 


Cy 


Sx 


AxB 
Low 


Sx = Sa or Sb 
(logical OR) 


IVIULSC 


11110 


Ca 


Sa 


A 


Cb 


Sb 


B 


Cx 


Sx 


AxB 
High 


Cy 


Ss 


No. of 
shifts t 


Sx = Sa0RSb 
(logical OR) 



Fi-PiR 
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Table 20. 


PU Instruction (Sheet 2 of 3) 






















OP code 






Input 










( 


Butput 








Mnemonic 


Ca 


Sa 


DATAa 


Cb 


Sb 


datab 


Px 


Sx 


DATAx 


Cy 


SY 


datay 


Notes 


Arithmetic Operations 


NOP 


11011 


Ca 


Sa 


A 


Cb 


Sb 


B 


Cx 


Sa 


A 


Cy 


Sb 


B 




NOPSC 


11111 


Ca 


Sa 


A 


Cb 


Sb 


B 


Cx 


Sa 


A 


Cy 


Ss 


No. of 
shifts t 






01010 


Ca 





A 








Cx 





A + 1 


Cy 





* 




INC 


Ca 


1 


A 








Cx 





1 


Cy 





OOOOH 


When A = 0, Sx = 




Cx 


1 


A-1 


Cy 


1 


OOOOH 


WhenA>1,Sx = 1 


DEC 


0101 1 


Ca 





A 








Cx 





A-1 


Cy 





OOOOH 


When A > 0, Sx = 




Cx 


1 


1 


Cy 


1 


OOOOH 


When A = 0, Sx = 1 




Ca 


1 


A 








Cx 


1 


A + 1 


Cy 


1 


* 




Shift 



SHL 1 Ca Sa a 

Ca Sa a" 



Cb No. of Cx 
shifts 



Sa Shift a Cy Sa 
left 



Shift A 
left 



Cb 1 No. of Cx 
shifts 



Sa Shift a Cy Sa 
right 



Shift A 
right 



SHLBRV 0101 Ca Sa 



Cb No. of Cx 
shifts 



Sa Reverse Cy Sa Reverse 
A and A and 

shift shift 

left left 



Ca Sa 



Cb 1 No. of Cx 
shifts 



Sa Reverse Cy Sa Reverse 

A and A and 

shift shift 

right right 



SHR 1 1 Ca Sa a 

Ca Sa a" 



Cb No. of Cx 
shifts 



Sa Shift a Cy Sa 
right 



Shift A 
right 



Cb 1 No. of Cx 
shifts 



Sa Shift a Cy Sa 
left 



Shift A 
left 



SHRBRV 0111 Ca Sa 



Cb No. of Cx 
shifts 



Ca Sa a Cb 1 No. of Cx 
shifts 



Sa Reverse Cy Sa Reverse 

A and A and 

shift shift 

right right 

Sa Reverse Cy Sa Reverse 

A and A and 

shift shift 

left left 



Comparison 


CMPNOM 010 


Ca 

Ca 


Sa 


A 


Cb 


Sb 


B 








OOOOH 








OOOOH 


When PNZ is false 




Sa 


A 


Cb 


Sb 


B 


1 





0001 H 


1 





OOOOH 


When PNZ is true 


CMP 010 1 


Ca 
Ca 


Sa 


A 


Cb 


Sb 


B 





Sa 


A 





Sb 


B 


When PNZ is false 




Sa 


A 


Cb 


Sb 


B 


1 


Sa 


A 


1 


Sb 


B 


When PNZ is true 


CMPXCH 10001 


Ca 
Ca 


Sa 


A 


Cb 


Sb 


B 


Ca 


Sa 


A 


Cb 


Sb 


B 


When PNZ is true 




Sa 


A 


Cb 


Sb 


B 


Cb 


Sb 


B 


Ca 


Sa 


A 


When PNZ is false 


Accumulative Addition 


ACC 10010 


Ca 


Sa 


A 


Cb 


Sb 


B 


Cx 


Sx 


XA 








Used as a pair with 
AG & FC instruction 
COUNT 


C Bit Copy 


COPYC 10 011 


Ca 


Sa 


A 


Cb 


Sb 


B 


Ca 


Sa 


A 


Ca 


Sb 


B 
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Table 20. PU Instruction (Sheet 3 of 3) 



Input 



Output 



Mnemonic OP code 



Sa DATAa Cb 



DATAb Cx Sx DATAx Cy SY 



DATAv 



Notes 



Bit Operations 



GET1 



10 101 Ca Sa 



A Cb Sb Bit Cx Sa OOOOH Cy OOOOH 

position 



When the bit specified 
by the lower 4 bits of 
DATAb is 



Ca Sa 



Cb Sb Bit Cx Sa oooih Cy 
position 



OOOOH 



When the bit ' 
specified by the lower 
4 bits of DATAb is 1 



SET1 10110 


Ca 


Sa 


A 


Cb 


Sb 


Bit 
position 


Cx 


Sa 


A bit in 
DATAa 
is set 


Cy 





OOOOH 


Bit specification by 
the lower 4 bits of 
DATAb 


CLR1 10111 


Ca 


Sa 


A 


Cb 


Sb 


Bit 
position 


Cx 


Sa 


A bit in 
DATAa is 
cleared 


Cy 





OOOOH 


Bit specification by 
the lower 4 bits of 
DATAb 


BitChecIc 


ANDIWSK 01101 


Ca 


Sa 


A 


Cb 


Sb 


B 





Sa 


A 





Sb 


B 


lfANDIVISK = 




Ca 


Sa 


A 


Cb 


Sb 


B 


1 


Sa 


A 


1 


Sb 


B 


lfANDMSK = 1 


ORMSK 10 


Ca 


Sa 


A 


Cb 


Sb 


B 





Sa 


A 





Sb 


B 


If ORMSK = 




Ca 


Sa 


A 


Cb 


Sb 


B 


1 


Sa 


A 


1 


Sb 


B 


If ORMSK = 1 


Data Conversion 


CVT2AB 1110 


Ca 


Sa 


A 


Cb 


Sb 


B 


Cx 


Sx 


Conver- 
ted A 
data 


Cy 





OOOOH 


Absolute value 
*- twos 
complement 


CVTAB2 01111 


Ca 


Sa 


A 


Cb 


Sb 


B 


Cx 


Sx 


Conver- 
ted A 
data 


Cy 





OOOOH 


Twos complement 

^absolute 

value 


Adjustment of Double Precision Numbers 




ADJL 



10100 



Ca 
Ca' 



Cb 
Cb 



Cx 
Cx' 



A-1 
A-1 



Cy 
Cy' 



OOOOH-B 

1 OOOOH-B 



A 5^ AND B 7^0 
A ^0 AND B 5^0 



Ca A Cb 1 OOOOH Cx A Cy ■ OOOOH 

Ca OOOOH Cb 1 B Cx 1 OOOOH Cy 1 B 



8^0 



Ca 
Ca 



A Cb 
OOOOH Cb 



OOOOH Cx 
B Cx 



1 A Cy 

OOOOH Cy 



OOOOH 
B 



E^Q 



Ca 

c'a 



Cb 

"Cb 



Cx 
"Cx' 



Cy 

'c7 



B 



Notes: * If an overflow occurs as the result of A + B, DATAy = OOOIH and if no overflow, DATAy = OOOOH. 

t This indicates the number of consecutive zeros from the MSB of DATAx- This number is used to calculate the number of shifts to be 
performed by subsequent processing. 
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FTL Format 

13 12 11 10 9 65 43 






F/L 


X 
C 
H 


OP 


ds 


- 


CTLFO 








49-0001 13A 



Bit Assignments 

F/L [Full/Left]: F/L bit = indicates that tlie GE 
instf u<Jtiori is used alone, wliereas F/L bit = 1 indicates 
that the GE instruction is used in conjunction with an 
AG/FC instruction. 

XCH [Exehsn^]: XCH bit = 1 indicates that the data 
f rorfi A 3ide and B side are to be exchanged before the 
two data tokens enter the Queue. 

OF [O^ code]: These two bits select an operation to 
b© peiTofrnfed. See table 21 . 





OPBHs 


'-M:'^'''h'\ 


Oparation 


;:;.flOH:;::.:;:-;.,: 


COPYBK (Copy block) 


^filcili?; 


CtJPYM (Copy multiple) 


Ilili. 


SETCTL (Set control field) 



GS [Generation Size]: These four bits determine the 
number of copies of a token to be made. A minimum of 
2 and a maximum of 17 copies can be made using a GE 
instruction. 

CTLFD [Control Field]: This field is used with Set 
ControlField (SETCTL) instruction. The data in CTLFD 
field further specifies the types of operations to be 
performed by the SETCTL instruction. 

COPYBK [Copy Block] 

COPYBK is used to duplicate a block of tokens from a 
single token. These duplicated tokens have exactly the 
same ID as the original token except the token copied 
last which has the original token's ID plus one. The 
number of tokens to be generated is specified by the 
GS field, and the COPYBK instruction generates 
exactly GS + 2 tokens. The data fields of the tokens 
being duplicated can also be incremented or 
decremented in a systematic manner. The incremental 
(or decremental) step value is contained in DATAg. 
The tokens generated are sent to the Link Table. The 
series of LT tokens output by the instruction is shown 
in figure 23. 





COPYBK FTL Format 
13 12 11 10 9 65 






F/L 


X 
C 
H 





GS 










49-0001 HA 



Fl§ur0 23. COPYBK Instruction Output 



O 



^ 



[DATAxll = OATAa + IOATAbI X I Iter I = 0, 1, 2 GS -I- 1] 







U 


iDm ^ , ;„ 




CTLF [4] 




DATA (61 









C- - ^° ", 





Ca 


Sx 


DATAa 


-,-; 'T ■ .- : 























■;iD'.^ 





Ca 


Sx 


DATAa + DATAb 


LttoKSna. 























ID 





Ca 


Sx 


DATAa + GSx DAT Ab 

























ID-fl - 





Ca 


Sx 


DATAa + [GS -1- 1] x DATAb 
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COPYM [Copy Multiple] 

COPYM is used to generate multiple tokens from a 
single token. Each generated token has a different ID 
value. The number of tokens generated from the 
original token is GS + 2. The data field of the tokens 
being generated can also be incremented or decre- 
mented in a systematic manner. The incremental (or 
decremental) step value is contained in DATAb- The 

Figure 24. COPYM Instruction Output Tokens 



generated tokens are sent to the Link Table as LT 
tokens. The series of LT tokens output by the COPYM 
instruction is shown in figure 24. 





COPYM FTL Format 

13 12 11 109 65 






F/L 


X 

c 

H 


1 


GS 










49-0OOn6A 





C) 




COPY M 


C) C) () C) 


ID 


ID + 2 




ID 


+ 1 


ID 4^ 3 



CTLF [4] 



llDouT]i = [ID,N] + i 

[DATAxli = DATAA + IDATABM)fori = 0,1,2,...GS + i. 

• :multiplication 



DATA |16] 








ID 


Ca Sx 


DATAa 

















ID + 1 


Ca Sx 


DATA a I DATAb 

















ID 4^ GS 


Ca Sx 


DATAa + GS X DATAb 

















ID + GS + 1 


CaSx 


DATAa +1GS + 11X DATAb 
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SETCTL [Set Control Field] 





SETCTL FTL Formal 

13 12 11 10 9 65 43 






F/L 


X 
C 
H 


1 1 


GS 




CTLFP 








49-0001 19A 



OUT Instructions 





OUT FTL Formal 

13 12 11 10 43 






F/L 


X 
C 
H 


OP 


ID2 MN 








49-000 120A 



SETCTL is used to read and rewrite the contents of tiie 
Link Table and the Function Table. Since it can change 
the contents of the Link Table and the Function Table, 
this instruction can be used to write a self-modifying 
code. The type of operation to be performed is further 
specified by the contents of CTLFD field, as shown in 
table 22. 

Table 22. SETCTL Instruction Control Field 
Operation 



CTLFD 



Operation 



C S Normal data. Operation is exactly the same as COPYM. 

110 The data field of this token is used to set a location in 
the Link Table memory (C and S bits are not included.) 
After the data is set, the token is deleted. 

110 1 The data field of this token is used to set a location in 
the Function Table Right field. After the data is set, the 
token is deleted. 

1110 The lower 14 bits of the data field of this token are used 
to set a location in the Function Table Left field (higher 
bits are ignored.) After the data is set, the token Is 
deleted. 

1111 The lower 10 bits of the data field of this token are used 
to set a location in the Function Table Temporary field 
(higher bits are ignored.) After the data is set, the 
token is deleted. 

10 This token reads the LT address indicated by the ID 
field and outputs the contents. 

10 1 This token reads the Function Table Right field address 
indicated by the ID field and outputs the contents. 

10 10 This token reads the Function Table Left field address 
indicated by the ID field and outputs the contents. 

10 11 This token reads the Function Table Temporary field 
address indicated by the ID field and outputs the 
contents. 



1 


These tokens should not be generated by the 




Processing 


1 


1 Unit. They are operating-mode-related tokens. 


1 


1 


1 


1 1 



Bit Assignments 

F/L [Full/Left]: F/L bit = indicates that the OUT 
instruction is to be used alone. F/L bit = 1 indicates 
that the OUT instruction is to be used in conjunction 
with an AG/FC instruction. 

XCH [Exchange]: If XCH bit = 1 , the output data tokens 
from the A side are exchanged with those from the B 
side before they go to the Output Queue. If XCH bit = 0, 
no exchange operation is performed. 

OP [OP Code]: This bit is used to further specify the 
OUT instruction. If OP = 0, then 0UT1 instruction is 
performed, whereas if OP = 1, 0UT2 instruction is 
performed. 

ID2 [Second ID]: This field is used only by the 0UT2 
instruction. ID2 is the ID of the second output data 
token. 

MN [Module Number]: This field indicates the 
destination module of the output data token. 

0UT1 



0UT1 FTL Format 
13 12 11 10 





X 








F/L 


C 

H 





' 


MN 



This instruction outputs a 32-bit data token via the 
Output Data Bus (ODB). Since the size of the ODB is 
16 bits, a 32-bit output data token is divided into two 
16-bit words and output one 16-bit word at a time. The 
format of an output data token is shown in figure 24. 



Note: The set or write operation is performed at the address 
indicated by the ID field of the token. 
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Figure 25. OUT1 Output Token Format 









49-000121A 




15 


12 11 10 4 3 2 1 15 




II III 
MN 1 1 ID' |0 0|Ca|Cb 

! ! ! ! ! 


DATAa 






MN: Determined by the lower 4 bit* of FTL contents 

ID': 7-blt ID comet from the content* of LT referenced by the 0UT1 Inetructlon 

Ca, S^: Control bit and *lgn bit of DATAa 

DATA^: 16-blt output data 



0UT2 

This instruction outputs two 32-bit data tokens via 
ODB. Since tlie ODB is 1 6 bits wide, each 32-bit tol<en 
is divided into two 16-bit words and output one 16-bit 
word at a time. This instruction is useful when a double 
precision number is to be output. The formats of two 
output data tokens are shown in figure 25. 





0UT2 FTL Formal 
12 11 10 




43 







49-0001 23A 




F/L 


X 
H 


' 


ID2 


MN 















Figure 26. 0UT2 Output Tokens Format 



-High Word - 



4 3 2 1 15 





MN 


1 1 
1 1 


'I II 
ID' 1 |CaiCb 


DATAa 




> 






15 




15 


12 11 10 


43 2 10 






MN 


1 " ' 

1 1 


ID2 1 iCb'Cb 

1 _ ..J 1 


DATAb 



Note: First and second tokens must have the same module numbers 

MN: Determined by the lower four bits of the FTL contents. 

ID': 7-b)t ID coming from the contents of the Link Table referenced by the 0UT2 Instruction. 

ID2: 7-bit ID comes from the FTL field of the 0UT2 instruction. 

Ca, Sa: Control bit and sign bit of DATAA- 

DATAa: First 16-bit output data. 

Cb, Sb: Control bit and sign bit of DATAB. 

DATAb: Second 16-bit output data. 
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Figure 27. Data-Flow Graph Explanation 



Marge [Two streams ol tokens are merged logettter] 



Input/Output 



Input tokens with tlie FTRC bit = 



b; 



( ) S ■•— An Input token with FTRC bit - 1 



FTRC = 1 token stream marker 



SI 

8; 



ID Token Stream 



y 



[II 
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Figure 27. Data-Flow Graph Explanation (cont) 



X side Output Token 



() 



Two Instructions 
are used together 



o 



V 

Y Side Output Marker 



¥ Side Output Token 

49-0001 26A 



()[DATAi] 



()(DATA2l 



() 



DATA3 = DATAi - DATA2 



()2 



C)1 



Queue two tokens. 
Subtract and test PNZ conditions. 
If TRUE, tt)e result is output 
to 10 + 1 stream. 



DUST [Incoming tokens are deleted] 







{ DUST j 



OlOATAj] 




DATA3 = DATA2 - DATAi 

49-0001 29A 



Conditional Operation 



C)i 



C)2 



II the control bits of Token 1 
and Token 2 are the same, 

I logical OR operation 

I is performed. 
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NEC Electronics Inc. 

PRELIMINARY INFORMATION 



/iPD9305 

MEMORY ACCESS AND 

GENERAL BUS INTERFACE 

FOR THE ^PD7281 



Description 

The NEC fiPD9305 memory access and general bus in- 
terface chip (MAGIC) is a peripheral LSI support device 
for the juPD7281 image pipelined processor (ImPP). The 
)LiPD7281 is a data flow architecture processor that 
supports high speed image and signal processing ap- 
plications. The hPD9305 chip can support from one to 
eight |l(PD7281s and also interfaces to both 8-bit and 16- 
bit host processors. 

The /iPD9305's powerful interface capabilities allow it to 
support basic interface operations, object program load, 
read/write/modify operations on image memory, and 
multiple /tPD7281 image memory accesses. 

Since the |nPD7281 ImPP does not use direct addressing, 
the memories in a /iPD7281 processor system can be 
seen as processing modules with unique module 
numbers. These separate modules must output memory 
access tokens containing their own unique address, 
data, and control signals. The modules must perform 
the necessary processing, and then output the result of 
the access as another memory access token. To do this, 
the multiple /iPD7281 modules require external circuitry 
to process the memory access tokens that they output. In 
addition, this same circuitry is required to organize the 
data output from the memory into token format. 

Circuitry is also needed between the host processor 
and the /iPD7281s to organize the data from the host 
into token format and to return the data output from 
the /iPD7281s into the form required by the host pro- 
cessor. Finally, tokens may have to be returned to other 
;iPD7281s in token form for further processing. 

The /iPD9305 simplifies the above operations by keeping 
the data in the most convenient form. The /tPD9305 
replaces approximately 80 medium/small scale integrated 
devices with a single integrated circuit. 

Features 

n High performance image memory interface 

D Reduces external circuits required for ImPP system 

D Simplifies host interface 

n Up to 24-bit image memory addressing 

D Up to 18-bit image memory data 

D Register file for memory access 

D Refresh control of image memory 

n Functions with separate DMA controller 

D Single -f 5 V power supply 

D CMOS technology for lower power consumption 



Ordering Information 




Part 
Number 


Package Type 


MPD9305R 


132-pin ceramic grid array 



Pin Configuration 





Bottom View 
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OVdd( + 5V) 
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Pin Identification 



No. 


Symbol 


Function 


1 


CLK 


Clocl< input 


2-4 


D10.D12. 
Dl5 


Bidirectional data bus bits 


5 


OACK 


Output acl<nowledge input 


6 


OREQ 


Output request output 


7 


IDB14 


Input data bus bit 


8 


ODB14 


Output data bus bit 


9 


IDB11 


Input data bus bit 


10, 11 


ODB11, 
ODBg 


Output data bus bits 


12 


IDB9 


Input data bus bit 


13 


ODB5 


Output data bus bit 


14 


IDBs 


Input data bus bit 


15 


ODB4 


Output data bus bit 


16 


IDB7 


Input data bus bit 


17 


ODB2 


Output data bus bit 
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Pin Identification (Cont) 



Pin indentification (Cont) 



No. 


Symbol 


Function 


18 


IDBg 


Input data bus bit 


19 


MN2 


Module number output 


20 


IDB4 


Input data bus bit 


21 


IMA22 


Image memory address 
output bit 


22 


IDB2 


Input data bus bit 


23,24 


IMA18, 
IMA15 


Image memory address 
output bits 


25 


IDBo 


Input data bus bit 


26-28 


IMA12-IMA10 


Image memory address 
output bits 


29 


SOLBSY 


Self object load busy output 


30 


CPURQ 


CPU request output 


31 


DMAAEN 


DMA address enable input 


32-34 


IMA5,IMA2, 
IMAo 


Image memory address 
output bits 


35 


DMAAK1 


DMA/1 acknowledge Input 


36 


DMARQ1 


DMA /1 request output 


37 


IMD13 


Bidirectional image memory 
data bus bit 


38 


IMAK 


Image memory 
acknowledge input 


39-42 


IMD10-IMD7 


Bidirectional image memory 
data bus bits 


43 


Ao 


Address select input 


44,45 


IMD3,IMDi 


Bidirectional image memory 
data bus bits 


46 


IMWR 


Image memory write output 


47 


Wr 


Write input 


48,49 


D2.D5 


Bidirectional data bus bits 


50 


CS 


Chip select input 


51,52 


Ds.Dg 


Bidirectional data bus bits 


53 


GND 


Ground 


54,55 


D11.D14 


Bidirectional data bus bits 


56 


IREQ 


Input request input 


57 


lACK 


Input acknowledge output 


58 


IDB13 


Input data bus bit 


59 


ODB13 


Output data bus bit 


60 


IDB10 


Input data bus bit 


61-63 


ODBio.ODB;, 
ODBe 


Output data bus bits 


64 


Vdd 


-1-5 V power supply 


65,66 


0DB3,0DBi 


Output data bus bits 


67 


IDB5 


Input data bus bit 


68 


MNi 


Module number output bit 



No. 


Symbol 


Function 


69,70 


IMA23,IMA2i 


Image memory address 
output bits 


71 


IDB1 


Input data bus bit 


72-74 


IMAi7,IMAi4 
IMA13 


Image memory address 
output bits 


75 


GND 


Ground 


76,77 


IMA9,IMA8 


Image memory address 
output bits 


78 


INBUSY 


Input to ImPP busy output 


79,80 


IMA4,IMAi 


Image memory address 
output bits 


81 


iMDi7 


Bidirectional image memory 
data bus bit 


82 


DMAAK2 


DMA/ 2 acknowledge input 


83 


DMARQ2 


DMA/2 request output 


84,85 


IMDi2,IMDii 


Bidirectional image memory 
data bus bits 


86 


Vdd 


-1-5 V power supply 


87,88 


IMDg.lMDg 


Bidirectional image memory 
data bus bits 


89 


Ai 


Address select input 


90 


IMDo 


Bidirectional image memory 
data bus bit 


91 


IMRF 


Image memory refresh 
output 


92 


Do 


Bidirectional data bus bit 


93 


RD 


Read input 


94-96 


D4,D6,D7 


Bidirectional data bus bits 


97 


GND 


Ground 


98 


Dl3 


Bidirectional data bus bit 


99 


IPPRST 


Image pipelined processor 
reset output 


100 


IDB15 


Input data bus bit 


101 


ODB15 


Output data bus bit 


102 


IDB12 


Input data bus bit 


103,104 


ODBi2,ODB9 


Output data bus bits 


105,106 


GND 


Ground 


107 


ODBo 


Output data bus bit 


108,109 


MN3,MNo 


Module number output bits 


110 


IDB3 


Input data bus bit 


111-113 


IMA2o,IMAi9, 
IMA16 


Image memory address 
outputs 


114 


Vdd 


-1-5 V power supply 


115 


GND 


Ground 


116-118 


IMA7,IMA6, 
IMA3 


Image memory address 
outputs 
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Pin Identification (Cont) 



Table 1. /xPD9305 Pins by Function 



No. 


Symbol 


Function 


119 


RESET 


Reset input 


120-122 


IMD16-IMD14 


Bidirectional image memory 
data bus bits 


123,124 


GND 


Ground 


125,126 


IMD4,IMD2 


Bidirectional image memory 
data bus bits 


127 


IMRD 


Image memory read output 


128 


GND 


Ground 


129 


ERR 


Error output 


130,131 


Di,D3 


Bidirectional data bus bits 


132 


Vdd 


+5 V power supply 



I/O 


Signal 


No. 


1 


CLK 


1 




RESET 


119 


status 



Pin Functions 

Table 1 shows the /*PD9305 pins in their particular func- 
tional groups. The paragraphs that follow table 1 describe 
the operation of the pins in each group. 

All unused input or output pins should be pulled up to 
Vdd or down to GND through a 2K-3K ohm resistor. 



I/O 



ERR 



SOLBSY 



CPURQ 



INBUSY 



Host Interface 



WR 



RD 



CS 



Ao 



Do 



D2 



De 



D7 



D9 



129 
"I9 
"^ 
"~78 



47 
~93 
~50 
~43 
~89 
~92 
I3O 
~48 
I3T 
~94 
~49 
~95 
~96 
"51 
~52 
~~2 
~54 
~~3 




55 





D15 


4 


DMA 





DMARQ1 


36 




DMARQ2 


83 




DMAAK1 


35 


1 


DMAAK2 


82 




DMAAEN 


31 
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Table 1. 


fiPD930S Pins by Function (Cont) 




I/O 


Signal 


No. 


,<PD7281 Interface 



Table 1. /iPD9305 Pins by Function (Cont) 



MNq 



MN2 



ODBo 
ODB1 
ODB2 
ODB3 
ODB4 
ODB5 
ODBg 
ODB7 
ODBs 

ODBg 

ODB10 

ODB11 

ODB12 

ODB13 

ODB14 

ODB15 

IDBq 

IDB1 

IDB2 

IDB3 

IDB4 

IDBs 

IDBe 

IDB7 

1DB8 

IDB9 

IDBio 

IDB11 

IDB12 

IDB14 

IDB1S 



109 



68 



19 





MN3 


108 





OREQ 


6 


1 


OACK 


5 




IREQ 


56 





lACK 


57 




IPPRST 


99 



107 
~66 
~l7 
~65 
~l5 
"I3 
~63 
~62 



104 
"61 

~lo 

l03 
~59 



101 
~25 



22 

Tio 

~20 
~67 
~l8 
~l6 



12 
"60 



102 



100 



I/O 


Signal 


No. 


Image Memory Interface 


1 


IMAK 


38 




IMRD 


127 





IMWR 


46 




IMRF 


91 



I/O 



IMDn 



IMD1 



IMD2 

IMD3 

iMD7 

IMD5 

IMD^ 

imdT" 

IMDg 

IMD10 
IMD^ 
IMD^ 
IMD13 
IMD14 
IMD^ 
IMD16 
IMD17 



90 



45 



126 
"~44 
I25 



87 
"42 



40 
~39 
~85 
~84 
~37 
I22 
I2T 
I20 
~8T 
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Table 1. 


fiPD9305 Pins by Function (Cont) 




I/O 


signal 


No. 


Image Memory Interface 



IMAo 


34 


IMA1 


80 


IMA2 


33 


IMA3 


118 


IMA4 


79 


IMA5 


32 


IMAe 


117 


IMA7 


116 


IMAg 


77 


IMAg 


76 


IMA10 


28 


IMA11 


27 


IMA12 


26 


IMA13 


74 


IMA14 


73 


IMA15 


24 


IMA16 


113 


IMA17 


72 


IMA18 


23 


IMA19 


112 


IMA20 


111 


IMA21 


70 


IMA22 


21 



IMA23 



69 



CLK (Clock) 

CLK is the single phase master clock input. The /tPD9305 
clock frequency can be independent of ImPP clock 
frequency. 



RESET (Reset) 



RESE T initializes the /*PD9305. A reset places 
lACK, the token I/O flip-flo p, and I M access 
signals at an inactive level. RESET resets the 
addre ss coun ter, refresh timer counter, and mode 
to 0. RESET must be held low for a minimum 
/iPD9305 or jnPD7281 clock cycles, whichever is 

Vdd (Power) 

Vdd is the single + 5 volt power supply. 

GND (Ground) 

GND is the ground signal. 



OREQ, 
request 
refresh 
register 
of four 
slower. 



Status Signal Pin Functions 

CPURQ (CPU Request) 

CPURQ indicates to the host processor that the /*PD9305 
is ready to transfer a token to the host. 

INBUSY (Input Busy) 

INBUSY indicates that tokens are being input to the first 
ImPP from the aiPD9305. 

SOLBSY (Self Object Load Busy) 

SOLBSY indicates that a self object load is being 
executed. 

ERR (Error) 

ERROR indicates that an error was output from the 
ImPPs, the host has read an invalid output token, or that 
the host has input a token while INBUSY was active. 

Host Interface Signal Pin Functions 

RD (Read) 

RD reads the contents of the internal registers specified 
by Ai and Aq. 

WR (Write) 

WR writes an input from the data bus to the internal 
register specified by Ai and Aq. 

CS (Chip Select) 

CS enables the RD or WR control signals. 

Ao, Ai (Address) 

Aq and Ai select the internal register for a read or write 
operation. 

D0-D15 (Data Bus) 

The contents of the internal registers are read from or 
written to via data bus bits D0-D15. 

DMA Signal Pin Functions 

DMAAEN (Direct Memory Access Address Enable) 

DMAAEN is used to indicate to the aiPD9305 that an 
external DMA controller is putting DMA addresses on the 
address bus. During a DMA operation, DMA addresses 
(system memory addresses) are input to Aq and A^ 
However, these addresses have no meaning for the 
jttPD9305 and might alter register contents. For this 
reason, the /iPD9305 operates as if Aq and Ai are both 
reset to when DMAAEN is active (high). 
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DMARQ1 (Direct Memory Access Request 1) 



DMARQ1 issues a request to an external DMA controller 
to transfer data from the host system memory to the 
/iPD9305. 



DMARQ2 (Direct l\/lemory Access Request 2) 

DMARQ2 issues a request to an external DMA controller 
to transfer data from the ^PD9305 to the host system 
memory. 



DI\/IAAK1 (Direct l\/iemory Access Acknowledge 1) 



DMAAK1 is issued by the external D MA controller to indi- 
cate to the juPD9305 that DMARQ1 has been received. 



DIVIAAK2 (Direct IVIemory Access Acknowledge 2) 



DMAAK2 is issued by the external D MA controller to indi- 
cate to the /iPDGSOS that DMARQ2 has been received. 

/iPD7281 Interface Signal Pin Functions 

MN0-MN3 (Module Number) 

MN0-MN3 specify the module number of one imPP. Dur- 
ing a reset, one module number is output via MN0-MN3, 
the other via IDB12-IDB15. MN0-MN3 are three-state pins. 



OREQ (Output Request) 



OREQ signals to the first ImPP that the /iPD9305 is ready 
to transfer half a token. 



OACK (Output Acknowledge) 



OACK signals to the /iPD9305 that a half token has been 
accepted by the first ImPP. 



IREQ (Input Request) 



IREQ signals from the last ImPP that a half token is ready 
to be transferred from the ImPP to the /tPD9305. 



lACK (Input Acknowledge) 



lACK indicates to the last ImPP that the /iPD9305 has 
accepted the half token. 



IPPRST (Image Pipelined Processor Reset) 

IPPRST resets the ImPPs during RESET or a command 
reset. 

ODB0-ODB15 (Output Data Bus) 

ODB0-ODB15 transfer tokens from the |itPD9305 to the 
first ImPP. 

IDB0-IDB15 (Input Data Bus) 

IDB0-IDB15 transfer tokens between the output of the last 
ImPP and the |LtPD9305. 

Image Memory Interface Signal 
Pin Functions 

IMRD (Image Memory Read) 

IMRD requests a read of the contents of the image 
memory addressed by IMA0-IMA23. 

IMWR (Image Memory Write) 

IMWR requests a write to the image memory location ad- 
dressed by IMA0-IMA23. 

IMRF (Image Memory Refresh) 

IMRF indicates an image memory refresh cycle. 



IMAK (Image Memory Acknowledge) 



IMAK indicates to the /tPD9305 that an image memory 
read, write or refresh has been completed. 

IMA0-IMA23 (Image Memory Address) 

IMA0-IMA23 supplies the image memory address for a 
read or write operation or for DRAM refresh (IMAq-IMAq 
only). 

IMD0-IMD17 (Image Memory Data) 

IMD0-IMD17 is the bidirectional data bus for transferring 
data to and from the image memory. 
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/^PD9305 Block Diagram 
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Interface 
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Functional Description 

The /iPD9305 has the following functional units: 

• /iPD7281 input bus interface 

• /tPD7281 output bus interface 

• System bus interface 

• Image memory bus interface 
— Register file 

— R/M/W control 

— Self object load control 

— Image memory refresh control 



/iPD7281 Input Bus Interface 

After the last ImPP outputs a token, the input bus inter- 
face determines whether the token should be an output 
token to the host CPU, to the image memory, or to the 
output bus interface block. The high order 16 bits of the 
token output from the last ImPP are latched into in the 
high word register (HWR) and then decoded by the input 
token decoder to determine the token type. 
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/iPD7281 Output Bus Interface 

The output bus interface logic transmits tol<ens through 
the multiplexer (MUX) to the first ImPP. The transmitted 
tokens come from the system bus interface, the /iPD7281 
input bus interface, or the image memory bus inter- 
face. The output bus interface uses a priority control 
mechanism to prevent collisions between the tokens 
coming from the different blocks. 

System Bus Interface 

The system bus interface receives a token from the host 
CPU for the ImPPs, sends it to the output register 
(OUTR), and signals the output bus interface. Conversely, 
it sends a token, which is output from the last ImPP, 
through the input register (INR) to the host CPU accord- 
ing to instructions from the host CPU. The host CPU can 
set input or output modes (MODER register), read the 
status register (STATUSR), set image memory refresh 
timing (RFTMR register), and set module numbers (MNR) 
fortwo/iPD7281s. 

Image Memory Bus Interface 

The image memory bus interface accepts the following 
five types of tokens: 



Token 


Description 


WHA 


Write high address 


WLA 


Write low address 


WD 


Write data 


RHA 


Read high address 


RLA 


Read low address 



The image memory bus interface also performs read/ 
modify/write functions with the R/M/W control logic and 
provides a register file. 

Register File. The register file is used for storing write 
high addresses (WHAR/four 8-bit registers), write data 
(WDR/four 18-bit registers), and read high addresses 
(RHAR/four 8-bit registers). 

Read/IVIodify/Write (R/IVI/W) Control. The R/M/W con- 
trol reads a word from the image memory, performs a 
logical operation (AND, OR, or XOR) between it and the 
contents of a write data register (WDR), and then writes 
it back to a location referenced by the WHAR (the same 
lower 16-bit address, but a different upper eight bits). 

Self Object Load (SOL). The self object load control 
loads ImPP object programs stored in image memory into 
the ImPPs. When the SOL is given a starting address, 
the SOL control automatically generates the appropriate 
addresses to read the image memory. 

Image Memory Refresh Control. The /tPD9305 gen- 
erates a 10-bit address and the timing for refreshing 
dynamic image memories. The timing is set by the 
RFTMR register. 

Figure 1 shows the input/output token format and table 2 
shows how the image memory access tokens function. 



Tokens have a 16-bit data value, so the address is 
transferred in two tokens to form the 24-bit image 
memory address. The lower 16-bits of the image memory 
address are latched in the lower address register. 



Figure 


1. 


fnput/output Token Format 
















5 12 11 10 43 15 









MN 


Z 


10 


CTLF 


Data 
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Table 2. 


Image Memory Access Tokensf^^ 






MN Z 




ID CTLF Data 


Function 


Operation 


0001 - 


MN' 


ID' Image memory read low address 


Image memory read (RHAR1 reference) 


R 




1 1 1 


Image memory read 

high address 


Read high address register (RHAR1) set 
(Note 2) 


S 


0010 - 


MN' 


ID' Image memory read low address 


Image memory read (RHAR2 reference) 


R 




1 1 1 


Image memory read 

high address 


Read high address register (RHAR2) set 
(Note 2) 


S 


0011 - 


MN' 


ID' Image memory read low address 


Image memory read (RHAR3 reference) 


R 




1 1 1 


Image memory read 

high address 


Read high address register (RHAR3) set 
(Note 2) 


S 


0100 - 


MN' 


ID' Image memory read low address 


Image memory read (RHAR4 reference) 


R 




1 1 1 


Image memory read 

high address 


Read high address register (RHAR4) set 
(Note 2) 


S 



0101 



00000 


DIR 


Image memory write low address 


Image memory write (referencing WHAR 
and WDR selected by DIR) 


W 


001 -- 


DIR 


Image memory write 

high address 


Set write high address register 
(WHAR) selected by DIR 


S 


01 0-- 


DIR 


- - C,S Image memory write data register 


Set write data register (WDR) 
selected by DIR 


S 


01 1 -- 


DIR 


Image memory read 

high address 


Set read high address register 
(RHAR) selected by DIR 


S 


1 MASK 


DIR 


Read/write low address 


Read/modify/write 


RW 


1 01 -- 


DIR 


Read/write low address 


Read /modify /write (write CS bits 
selects mask) 


RW 


00 


DIR 


Load starting low address 


Self object load 


R 


01 


DIR 


Load starting low address 


Self object load MN of output token 
isSOLMN) 


R 




0110 



1 -- 



SOLMN 



Set SOLMN for self object load 



Notes: 

(1) The following definitions refer to the above table: 
MN: Module number 

Z: Always 

ID: Identifier 

CTLF: Control field 

ID': ID used for next circulation 

MN': MN used for next circulation (MN ?^ 111) 

DIR: Specifies registers for memory image access 

MASK: Specifies the modify mode 

-: Do not care 

S: Set 

R: Read 

W: Write 

(2) When RHASEL of the mode register is 1 , the tokens become image memory read (request) tol<ens 



Table 3 shows module number (MN) values and the five 
token types (refer to figure 12). 

The five token types are: 

(1) Output request data to the host 

(2) Image memory access data 

(3) DMA request data 

(4) Pass data 

(5) Delete data 
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Table 3. MN Values and Token Types 


Token lype MN ID 


Function 


Abbreviation 


(1) XXX X X X X 


/tPD7281 output data to host 


CPU 



(2) 



1 



10 



10 1 



WIN' ID' 

XXX X X X X 



111 X X X X 



ID' 



111 X X X X 



DIR 



Image memory readl (RHAR1 
select) 



RHAR1 set (Note 2) 



Image memory read4 (RHAR4 
select) 



RHAR4 set (Note 2) 



Image memory write 



IMR 



10 


MN' 

XXX 


ID' 
X X XX 


Image memory read2 (RHAR2 
select) 




1 1 1 


X X X X 


RHAR2 set (Note 2) 


11 


MN' 


ID' 


Image memory read3 (RHAR3 
select) 




1 1 1 


X X X X 


RHAR3 set (Note 2) 



IMW 



1 X X DIR 


High address set for write 
(selected register file is DIR +1) 


IMWHA 


1 X X DIR 


Write data set (selected 
register file is DIR +1) 


IMWD 


1 1 X X DIR 


High address set for read 
(selected register file is DIR +1) 


IMREA 


10 Mask DIR 


Read/modify/writel 


RMW1 



1 1 X X DIR 



Read / modify / write2 (mask 
selected by CS bits of image 
memory write data) 



RMW2 



(3) 



10 1 



1 1 X X X X 



1 1 1 X X X X 



DMA1 (host - /tPD7281) 



DMA2 (/iPD7281 - host) 



DMA1 



DMA2 



(2) 



110 



X X X DIR 



Self object loadl 



SOLI 



1 X X X DIR 



Self object load2 (rewrite 



S0L2 



1 X X X X X X 



MN set for self object load 



SOLMN 



(4) 



111 



10 
10 1 
10 10 

110 
110 1 
1110 



/tPD7281 module number (when 
RHASEL=1) 



/iPD7281 module numbers 



PASS 



(5) 



1111 



Deleted 



VANISH 



Notes: 

(1) The following definitions refer to the above table: 
MN: Module number 

ID: Identifier 

MN': MN used for next circulation (MN?t111) 

ID': ID used for next circulation 

(2) When RHASEL of the mode register is 1 , the tokens become image memory read tokens. 
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Absolute Maximum Ratings 

Ta = 25°C 




Power supply voltage, Vod 


-0.5 V to 7,0 V 


Input voltage, V| 


-0.5 V to 7.0 V 


Output current, Iq 


10 mA 


Operating temperature, Tqpt 


0°C to 70°C 


Storage temperature, Tstg 


-65°C to 150°C 



'Comment: Exposing the device to stresses above those listed In 
absolute maximum ratings could cause permanent damage. Do not 
operate the device under conditions outside the limits described In 
the operational sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 

Capacitance 

Ti = 25°C 



Limits 



Parameter 



Symbol 



Min 



Max 



Unit 



Test 
Conditions 



Input 
capacitance 



10 



pF 



Output 
capacitance 



Co 



15 



pF 



Input/output 
capacitance 



Cio 



15 



pF 



fc = 1 IVIHz 
Unmeasured 
pins are 
atOV. 



DC Characteristics 

Ta = 0»C to + 70°C, Vdd = 5 V ± 10% 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input 

low 

voltage 


V|L 


-0.5 




0.8 


V 




Input 
high 
voltage 


V|H 


2.0 




Vdd+0.5 


V 




Output 

low 

voltage 


Vol 






0.4 


V 


loL = 2 mA 


Output 

high 

voltage 


Vqh 


Vdd 
-0.4 






V 


loL=-400/iA 


Input 

leakage 

current 


lu 






±10 


M 


0<V|<Vdd 


Output 
leakage 
current 


Ilo 






±10 


M 


0<V|<Vdd 


Supply 
current 


Idd 




10 


100 


mA 


10 MHz 



AC Characteristics 

Ta = 0°C to +70°C, Vdd = 5 V ±10% 

Clock Timing 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


CLK cycle time 


tCYK 


80 




ns 




Clock pulse 
width high 


tWKH 


30 




ns 




Clock pulse 
width low 


twKL 


30 




ns 




Clock rise 
time 


tKR 




10 


ns 




Clock fall 
time 


tKF 




10 


ns 




Input Timing 




Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Input rise 
time 


t|R 


O 


10 


^s 




Input fall 
time 


t|F 





10 


fiS 




RESET Timing 




Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


RESET pulse 
width 


tRST 


tcYK 




ns 


/iPD9305 only 


RESET setup 
time to IPPRST 


toRSPRL 




40 


ns 




IPPRST hold time 
after RESET t 


toRSPRH 




50 


ns 




IPPRST setup to 
MN0-MN3 


toMN 




60 


ns 




MN0-MN3 float 
time after 
IPPRST t 


^FMN 




50 


ns 




IPPRST low 
until OBD15-OBD12 
active 


toPROD 




60 


ns 




OBDi5-OBDt2float 
time after IPPRST t 


Vprod 




50 


ns 
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Host CPU ^ /iPD9305 Read/Write Timing 



I/O Request/ Acl(nowledge Timing 





Symbol 


I 


.imits 


Test 


Parameter 


Min 


Max 


Unit Conditions 


Address setup 
toWR J.RD I 


tsARW 


20 




ns 


Address hold 
time after WR t, 
RD t 


tHRWA 


20 




ns 


CS setup to WR I 
RD 1 


tsCRW 







ns 


CS hold time 
after WRt, 
RD t 


Ihrwc 







ns 


WR, RD pulse 
width 


tWRWL 


100 




ns 


RD setup to 
data 


tpRD 




80 


ns 


Data float time 
after RD t 


tpRO 


30 




ns 


Data setup to 
WRt 


tSDW 


20 




ns 


Data hold after 
WR t 


tHWD 


20 




ns 


DM^ Request Timing(') 




Symbol 


Umits 


Test 


Parameter 


Min 


Max 


Unit Conditions 


DMARQ i 
setup time to 
DMAAK I 


toDQDA 


20 




ns 


DIVIARQ t 
time from 
DMAAK i 


tDDADO 




50 


ns 


DMARQ i 
time from 
DMAAK t 


tRVDQ 


50 




ns 


DMAAEN t 
setup time to 
(WM) 1 


tSDERW 


30 




ns 


DMAAEN 
hold time 
after (RD.WR) t 


tHRWDE 


30 




ns 


DMAAK low setup 
time to (RD.WR) I 


tSDARW 







ns 


DMAAK hold time 
after (RD,WR) t 


thRWDA 







ns 


DMAAK pulse 
width 


twDAL 


tCYK 




ns 





Symbol 


1 


Limits 


Test 


Parameter 


Min 


Max 


Unit Conditions 


IREQ 1 setup 
time to lACK i 


toiQIALI 


15 


60 


ns 


lACKl 

setup time to 
IREQt 


toiAIQHI 


10 




ns 


IREQ t 

setup time to 
lACK t 


tOIQIAHl 


20 


70 


ns 


lACKt 
setup to IREQ 1 


toiAIOL 


10 




ns 


ID bus setup 
time to IREQ t 


tsiDIQ 


20 




ns 


ID bus hold 
time from 
IREQ t 


tHIQID 


10 




ns 


OREQ I 
setup time to 
OACK 1 


tDOQOAL 


10 




ns 


OACK 1 
setup time to 
ORE& t 


tDOAOQH 


20 


70 


ns 


OREQ t setup 
time to OACK t 


tDOQOAH 


10 




ns 


OACK t setup 
time to OREQ 1 


tDOAOQL 


15 


60 


ns 


OREQ J 
setup time to 
ODB valid 


tDOQOD 




10 


ns 


ODB float time 
after OREQ t 


tFOQOD 


10 




ns 



Note: 



Pull-up resistors required on nPD9305 IDBis-IDBq to meet Ihiqid 
timing. 



Note: 



(1) DMAAK = DMAAK1 or DMAAK2 
DMARQ = DMARQ1 or DMARQ2 
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image Memory Read, Write, Refresii Timing SOLBSY Timing 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


IVIax 


Conditions 


IMA(i)t active 
time from CLK i 


tOKMARF 




100 


ns 


IM refresh 


IMA active time 
from CLK i 


tDKMAMC 




60 


ns 


IMreadorIM 
write 


IMA float time 
from IMC i 


tpMCMA 


10 




ns 




IMC recovery time 


tRVMC 


1-5tcYK 




ns 




IMC t delay time 
from CLK i 


tOKMCH 




35 


ns 




1 MCI delay time 
from CLK 1 


tOKMCL 




40 


ns 




IMAK recovery time 


tpVMK 


1-5tcYK 




ns 




IMAK setup time 
to CLK t 


tSMKK 


10 




ns 




IMAK hold time 
from IMC 1 


tHMCMK 







ns 




IMD setup time 
to CLK t 


tSMDK 


20 




ns 


Image memory 
read timing 


IMD hold time 
from IMRD i 


tHMRMD 







ns 


Image memory 
read timing 


IMD delay time 
from CLK 1 


tOKMD 




30 


ns 


Image memory 
write timing 


IMD float time 
from IMWR i 


tFMWMD 


20 




ns 


Image memory 
write timing 



Note: 

(1) IMA = IMA23-IMA0 

(2) IMC + IMRD,IMWRorlMRF 

(3) To maximize IM access time use IMAK = IMC. Then IM cycle time 
will beS.kcYK 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 


SOLBSY delay 
time from lACK t 


^DIASB 


30 


ns 




SOLBSY delay 
time from CLK 1 


toKSB 


60 


ns 




CPURQ Timing 




Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 


CPURQ delay time 
from JACK t 


toiAPQ 


30 


ns 




CPURQ delay time 
from RD t 


toPRQ 


60 


ns 




iNBUSY Timing 




Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 


INBUSY t del_ay 
time from WR t 


towiB 


70 


ns 




INBUSY 1 
delay time from 
OREQt 


toOQIB 


40 


ns 




ERR Timing 




Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 


ERR t delay 
time from IACK t 


^DIAE 


30 


ns 


Error token 
output 


ERR t delay 
time from WR 1 


toWE 


60 


ns 


INBUSY = 1 


ERR t delay 
time from RD 


tORE 


60 


ns 


CPURQ = 


INBUSY hold 
time from WR I 


thWIB 


10 


ns 




CPURQ setup 
time to RD 1 


tSPQR 


10 


ns 






Note: 

All unused input or output pins should be pulled up to Vdq or down to 
GND through a 2K-3K ohm resistor. 
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Timing Waveforms 
Clock Timing 



RESET Timing 




Input Timing 




'\ 



/ 



MN3_MNo- 



-'DRSPRL 



c 



ODBis- 
ODB12 



X 



Host CPU « juPD9305 Read Timing 



/ 



•fmn- 



'fprod- 






HOST CPU 


~ /iPD9305 Write Timing 




























- 


49-001 273B 


A1-A0 { 






- 






1- 
















n 


\ 

•SCRW — ». 




•! 


/ 






.... . 1 


•— 'HRWC-*. 


WR 






y 


t 












»HWD 








""" 


* 






D15-D0 


1 


t i 
r 1 


< 





















A1-A0 1' 



-'SARW- 



\ 



'SCRW- 



t 



-«WRWL- 



f 



-*HRWA- 



> 



-'hrwc 



■•-'frd-*- 



D15-D0 



< 



> 
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DMA1 Request Timing 



D15-D0 



\ 



/ 



/ 



'SDARW -► 



^. 



'ddadq 



\ 



-'WDAL ►■ 



■•-'SDERW— »• 



^. /' 



/ 



\ 



"t. 



'hwd 



X 



DMA2 Request Timing 



D15-D0 



\ /' 



■ •ddqda- 



/ 



^. 



\ 



«— 'SDERW— fc 



^. / 



/ 



\ 



c - ^ 



I/O Request/ Acknowledge Timing 



\ / 



•doqoal 



'doaoqh 



N. 



•doaoql 



/ 



'doqoal 



/ \ 



xnzK 



5-59 



/iPD9305 



SEC 



I/O Data Bus Handshake Timing 




























^ 


49-001 258B 


iREQ ^^ 


I / V 


/ 




tOIAIQHI 


'"'"7J . miAiom 






V 




r°'*'°'-tD,Q,AL 




lACK \ 


/ ^ 


_J 


\ 


L 


^tslDIQ^ 


tHIQI 


> L 


tSIDIO 


tHIQID 




^ 




n 


^ 


- •!--, 


IDB,5-IDBo 


- X > 


■ ^ t 


JC 









image Memory Read Timing 



cx 



5CIX 



-tDKMAMC 



/ Ne ,^ 



•^tDKMCH tDKMCL-' 



1 



■^tsMOK-» 



IMD17.0- 




/ '^\ 



£ 



Image Memory Write Timing 



'ZX 



JCIDC 



- tDKMAMC 



f ^= ,a 



••— tDKMCH tDKMCL-* 



IMD17.0 
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Image Memory Refresh Timing 



Mdkmarf* 



»DKMCL— ♦ 
IMRP 



\ 



X 



- tFMCMA 



f 



\ 



/ 



\ 



■ tSMKK — ► 



r 



/ 



IIVI Command Timing 



5 e^ 




-•rvmcmfX 



SOLBSY Timing 




















iREQ 
JACK 

SOLBSY 
IMRD 
CLK 


\ 

V 












49-001268B 


J 






? 


t 

tOIASB 

< ►■ 








}• 


r 




\ 

•dksb 


r 




A 




\ 


"\.^ \ 


V 

- 


r 
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CPURQ Timing 



iREQ 
iACK 

CPURQ 

RD 
(Ai = Ao = 0) 


A 


f 














49-001 267B 








V 


/ 




t 
(diapq 




■)5 






-L 

/ 


■n 




V 






7 


'drpq 












\ 


L 



iNBUSy Timing 



WR 
(Ai=Ao = 0) 



/ 



/ 



\ 



ERR Timing, Error from ImPP 



\ / v_y 



Y_/ v_/ 



/ 



ERR Timing, INBUSY 



1 


INBUSY 










«HWIB 








WR 
(Ai=Ao = 0) 

ERR 


\ 


- 


/ 




♦-«DWE-» 








J 
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ERR Timing, CPU Request 










v 

CPURQ \i 




'SPC 


>R 






RD 
(Ai=Ao = 0) 


\ 


_J 






■•-'dre-* 




ERR 


/ 
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j[tPD9305 Operation 

Table 4 shows how the /iPD9305 uses signals CS, RD, 
WR, and Ai , Aq to read or write to I/O ports. 



Table 4. I/O Ports 



CS 


RD 


WR 


Ai 


Ao 


Internal I/O Ports 








1 








Read ImPP input data register (from ImPP) 








1 





1 


Read status register 








1 


1 





Command RESET; data read lias no meaning 








1 


1 


1 


Not used 





1 











Write ImPP output data register (to ImPP) 





1 








1 


Write mode register 





1 





1 





Write module number register 





1 





1 


1 


Write refresli timing register 




Figure 2. Status Register Format 



Figure 2 shows the status register format. 





7 6 5 4 3 2 10 












SOLBSY 


IPPERR 


CPURQ 


INBUSY 


DMARQ1 


DMARQ1 


INERR 


OUTERR 


1 
































OUTERR [1] 




liPD7281 Input data register (INR) Is 
read while CPURQ = (Incl. during 
DMA) 









RESET 


INERR [1] 




|xPD7281 output data register Is written 
to when INBUSY = 1 (Incl. during DMA) 











RESET 


DMARQ2 




DMA2 token [3] (MN = 5, ID = 7xH) 
input from the tiPD7281 











DMAAK2 + RD ^ or RESET 


DMAR01 




0MA1 token [3] (MN = 5, ID = 6xH) Is 
Input from the iiPD7281 











DMAAK1 + WR = or RESET 


INBUSY 




Output token (OUTR) Is l>elng Input to 
the ULPD7281 









ULPD7281 Input of the token complete, 
or RESET 




CPURQ [2] 




MN = token is Input from the 
(1PD7281 









Host read of the )iPD7281 input token 
completed (INR) or RESET 




IPPERR [1,2] 




Error token is Input from the |xPD7281 









RESET 




SOLBSY 




SOLI or S0L2 token [4] is input from 
the HPD7281 











SOL terminates or RESET 




Note 


s: [1] 

[2] 
[3] 
[4] 


PPEF 
When 
Refer 
Refer 


(R. IN 
IPPE 

tO|lP 
tO|lP 


ERRa 
^Rbe 
D9305 
D9305 


ndOU 
come 
User 
User 


TERR 

V.C 
sMan 
s Man 


areO 
PURG 
ual.S 
ual.S 


Red a 
also 
sction 
action 


ndou 
becon 
6. DM 
5.1m: 


putU 
ies-1 
ARe( 

geM 


theE 
at the 
quest 
smory 


RRpi 
same 
=uncti 
/|jiPD 


time, 
on 
r281 Ir 


terfa 




3 
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Figure 3 shows the mode register format. 
Figure 3. Mode Register Format 



RHASEL 


RFINH 


HALFIN 


HALFOUT 


8BITIN 


8BIT0UT 


CSSEL 


CRESET 


































CRESET 





No operation 






Command reset 




CSSEL 




Image memory read data 0,8 bits are 
■00' 










Image memory read data C.S bits are 
CS' 






8BIT0UT 





16-blt external data bus 










8-bit external data bus 






8BITIN 





16-bit external data bus 










8-bit external data bus 






HALFOUT 





High/low 32-bit output 






Low 16 bits output (high 16 bits 
ignored) 












HALFIN 





High/low 32-bit input 










Low 1 6 bits input (high 1 6 bits fixed) 






RFINH 





IMRF output 










IMRF not output 






RHASEL 





Read high address valid for MN = 1 to 
4 tokens 






































Read high address invalid for MN = 1 
to 4 tokens (becomes read operation) 



Note: All bits of the mode register default to when an external reset is applied. 



Figures 4-20 graphically show /iPD9305 operation. For a 
detailed description of /iPD9305 operation, refer to the 
/iPD9305 User's Manual. 

Figure 4. Setting Write Mettiod for 
Input Data 



Figure 5. Setting Read li/lethod for 
Output Data 



Mode 


Input date 
16-bit 


write 

1 

1 


sequence 
16-bit 


Use example 


8 H 
B A 
1 L 
T F 
1 1 
N N 


1 ' 


' 1 


1 HH 1 HL 


LH 1 LL 1 









1 « . 


1™ 




16-bitCPU 
normal use 


® 1 






1 


121 
Fixed data 






Scanner 

>|jiPD7281 

>lmage memory 


® 1 




1 




1 




8-bitCPU 
normal use 


1 S) 1 ® 


.1.1 






1 1 


Fixed data 






8-bit CPU memory 

»^lPD7281 

^Image memory 


^11 





Notes: [1] Circled numbers indicate order in which data is written 
[2] Fixed data should be defined beforehand 



Mode 


Output data 
16-bit 


read-out 


sequence 
16-bit 


Use example 


8 H 
B A 
1 L 
T F 

U U 
T T 


1 II 1 


1 HH 1 HL 




LH 1 LL 1 







1 - 


-fll 




16-bitCPU 
normal use 




. 1 




1 








16-bitCPU 
image memory read 


1 


1 






1 




8-bitCPU 
normal use 


1 . 1 CD 1 1 . 1 ® 1 




1 1 








8-bitCPU 

image memory read 


1 


® 1 1 







Note: [1] Circled numbers indicate order in which data is written 



5-64 



NEC 



/iPD9305 



Figure 6. Setting Fixed (16-Bit) Data 




For 16-bit CPUs 






Set the mode: 
SBITIN = 
HALFIN = 














Write the 16-bit data (H) to 
be set in the output data 
register (OUTR) (Low data 
is not written) 














Set the mode: 
8BITIN = 
HALFIN = 1 




Note: Each time the 16-bi 
high data set by the 


low data is written to the ou 
above procedure will be inp 

For 8-bit CPUs 


put data register, the 16-bit 
utwithittothe|iPD7281. 




Set the mode: 
8BITIN = 1 
HALFIN = 














Write, in two 8-bit opera- 
tions, the 16-bit data (H) 
be set in the output data 
register (OUTR) (Low data 
is not written) 














Set the mode: 
8BITIN = 1 
HALFIN = 1 








49-001 28SA 



Figure 7. MN Register 



7 6 5 4 3 2 10 


1 1 1 1 1 1 1 1 1 




1 1 
HPD7281 #1M1 HPD7281 #2 

Note: [1] Bits 7-4 are output on the output data bus 

49-001 287A 



Figure 8. Refresh Timing Register 






7('l 6 5 4 3 2 10 






|x|x| 1 1 1 1 1 1 




1 
Refresh Cycle (RC)lzi 


Notes: [1]X = don't care 
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Figure 9. Input Timing (Host to /iPD9305 to /iPD7281) 
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Figure 10. Output Timing (/iPD7281 to /iPD9305 to Host) 
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Figure 11. Output to /iPD7281 , Control Data Patiis 
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Figure 12. /iPD7281, Input Control Data Flow 
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Figure 13. Image Memory Read Timing (Witiiout Refresh Request) 
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Figure 14. Image Memory Write Timing (Wittiout Refresh Request) 
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Figure 15. Image Memory Access Request Priority Control 
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Figure 16. Read Data -* /iPD7281 Output Timing (Single Output) 
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Figure 17. Read Data -* /iPD7281 Output Timing (Continuous Output) 
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Figure 18. 
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Figure 21. Typicai System Configuration 
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Figure 20. Read/Modify/Write Timing 




Table 5 shows the differences between command and Figure 21 shows a typical system configuration using the 
external resets. /tPD9305 with several ImPPs. 

Table 5. Command and External 
Reset Differences 




Item 


RESET 


Command Reset 


I/O data counter 






Tokens in the /iPD9305 






Image memory access 


Cleared 


Cleared 


requests (except refresh) 






OREQ, JACK 






DMA request 






Refresh timer 






Refresh request 


Default 


No change 


Refresh address 


values 




Mode register 






IPPRST pin 


(active) 


(active) 



Figure 19. Refresh Timing 
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//PD7720A/77P20 

DIGITAL SIGNAL 

PROCESSORS 



Description 

The//PD7720A and yuPD77P20, two signal processing 
interface (SRI) cliips tinat are functionally the same, are 
advanced architecture microcomputers optimized for 
signal processing algorithms. Their speed and flexibi- 
lity allow these SPIs to efficiently implement signal 
processing functions in a wide range of environments 
and applications. 

TheyuPD7720A, a revision of the//PD7720, the original 
mask ROM chip, uses a third less power than the 
//PD7720. The/iPD77P20 is an ultraviolet erasable and 
electrically programmable (EPROM) version of the 
A<PD7720A. Program and data ROM, masked for the 
ywPD7720A, are implemented in EPROM for the 
/yPD77P20. TheAjPD77P20 is useful in prototype appli- 
cations or in systems where product quantities are 
insufficient for masked ROM development. Since the 
inception of yuPD7720 and its companion EPROM 
version, )uPD77P20, there have been several mask 
revisions to improve either/both manufacturability 
and/or function. A AfPD77P20 must always be used to 
verify function of a user's system before submitting 
ROM code for/;PD7720A, but certain early versions of 
//PD77P20 must not be used for final verification. 
Please refer to the section on ywPD77P20 for details. 

Features 

D Fast instruction execution— 250 ns 

D 16-bit data word 

D Multi-operation instructions for optimizing program 

execution 
D Large memory capabilities: 

— Program ROM (512 x 23 bits) 

— Data ROM (510x13 bits) 

— Data RAM (128x16 bits) 

D Fast (250 ns) 16-bit multiplier (31 bits) 

D Dual accumulators 

D Four-level subroutine stack for program efficiency 

D Multiple I/O capabilities: 

— Serial 

— Parallel 

— DMA 

D Compatible with most microprocessors, including: 

— A<PD8080 

— /[/PD8085 

— //PD8086 

— //PD780 (Z80®) 
D Power supply +5 V 
n NMOS technology 

D Extended temperature versions available. 
® Z80 is a registered trademark of Zilog Corporation. 



Pin Configuration 
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Must be connected for EPROM version 


consult /1PD77P20 specifications. 




49-000905A 



Applications 

D Digital filtering 

D High-speed data modems 

D Fast Fourier transforms (FFT) 

D Speech synthesis and analysis 

D Dual-tone multi-frequency (DTMF) 

transmitters/receivers 
D Equalizers 
D Adaptive control 
D Numerical processing 

Performance Benciimarlcs 

D Second order digital filter (biquad): 2.25 //s 
n Sin/cos of angles: 5.25 /ys 
D fj/A law to linear conversion: 0.50 /us 
D FFT, 32-point complex: 0.7 ms 
64-point complex: 1.6 ms 




Ordering information 






Part Number 


Package Type 


Max Frequency 
of Operation 


Normal 

Temperature 

Range 


//PD7720AD 


28-Pin ceramic DIP 


8.33 MHz 


-10°Cto70°C 


A(PD7720AC 


28-Pin plastic DIP 


8.33 IVIHz 


-10°Cto70''C 


/iPD77P20D 


28-Pin cerdip 


8.196 MHz 


-IQoC to 70 °C 
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Pin Identification 




No. 


Symbol 


Function 


1 


NC (Vpp 
or Vcc) 


No connection (a/PD7720A). 
Programming voltage or Vcc 
(//PD77P20) 


2 


DACK 


DMA request acknowledge input 


3 


DRQ 


DMA request output 


4,5 


Po.Pi 


General purpose output control lines 


6-13 


D0-D7 


Three-state I/O data bus 


14 


GND 


Ground 


15 


CLK 


Single phase master clock input 


16 


RST 


Reset input 


17 


INT 


Interrupt input 


18 


SCK 


Serial data I/O clock input 


19 


SIEN 


Serial input enable input 


20 


SOEN 


Serial output enable input 


21 


SI 


Serial data input 


22 


SO 


Three-state serial data output 


23 


SORQ 


Serial data output request 


24 


WR 


Write control signal input 


25 


RD 


Read control signal input 


26 


CS 


Chip select input 


27 


Ao 


Status/data register select input 


28 


Vcc 


+5 V power supply 



Pin Functions 

NC/Vpp 

This pin is not internally connected in the //PD7720A. 
In the //PD77P20, this pin inputs the programming 
voltage (Vpp) when the part is being programmed. 

This pin must be connected to Vcc for proper 
^fPD77P20 operation. Consult the section on the 
yuPD77P20 for details. 



DACK [DMA Request Acknowledge] 

This input indicates to the// PD7720 A that the data bus 
is ready for a DMA transfer (DACK = CS AND Aq = 0) 

DRQ [DMA Request] 

This output signals that theyuPD7720A is requesting a 
data transfer on the data bus. 

PO, Pi 

These pins are general purpose output control lines. 



D0-D7 [Data Bus] 

This three-state I/O data bus transfers data between 
the data register or status register and the external data 
bus. 

GND 

This is the connection to ground. 

CLK 

This is the single-phase master clock input. 

RST [Reset] 

This input initializes the /7PD7720 internal logic and 
sets the PC to 0. 

INT [Interrupt] 

A low to high transition on this pin executes a call 
instruction to location 1 0OH, if interrupts were previously 
enabled. 

SCK [Serial Data I/O Clock] 

When this input is high, a serial data bit is transferred. 



SIEN [Serial Input Enable] 

This input enables the shift clock to the serial input 
register. 



SOEN [Serial Output Enable] 

This input enables the shift clock to the serial output 
register. 

SI [Serial Data Input] 

This pin inputs 8- or 16-bit serial data words from an 
external device such as an A/D converter. 

SO [Serial Data Output] 

This three-state port outputs 8- or 1 6-bit data words to 
an external device such as a D/A converter. 

SORQ [Serial Data Output Request] 

This output specifies to an external device that the 
serial data register has been loaded and is ready for 
output. SORQ is reset when the entire 8- or 1 6-bit word 
has been transferred. 

WR [Write Control Signal] 

This input writes data from the data port into the data 
register. 
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RD [Read Control Signal] 

This input latches data from the data or status register 
to the data port where it is read by an external device. 



CS [Chip Select] 

This input enables data transfer through the data port 
with RD or WR. 

Aq [Status Data Register Select] 

This input selects data register for read/write (low) or 
status register for read (high). 

Vcc [Power Supply] 

This pin is the +5 V power supply. 

Functional Description 

The primary bus (which is unshaded in the block 
diagram) makes a data path between all of the registers 
(including I/O), memory, and processing sections. 
This bus is referred to as the IDB (internal data bus). 
The multiplier input registers K and L can be loaded not 
only from the IDB but alternatively (via buses which are 



darkened in the block diagram) directly from RAM to 
the K register and directly from data ROM to the L 
register. Output from the multiplier in the M and N 
registers is typically added (via buses that are shaded 
in the block diagram) to either accumulator A or B as 
part of a multi-operation instruction. 

Fabricated in high speed NMOS, the//PD7720A SPI is a 
complete 16-bit microcomputer on a single chip. ROM 
space provides program and coefficient storage; the 
on-chip RAM may be used for temporary data, coeffi- 
cients, and results. A 16-bit arithmetic/logic unit (ALU) 
and a separate 16 x 16-bit fully parallel multiplier 
provide computational power. This combination al- 
lows the implementation of a "sum of products" opera- 
tion in a single 250 ns instruction cycle. In addition, 
each arithmetic instruction allows a number of data 
movement operations to further increase through- 
put. Two serial I/O ports interface to codecs and other 
serially-oriented devices, while a parallel port provides 
both data and status information to conventional 
microprocessors. Handshaking signals, including DMA 
controls, allow the SPI to act as a sophisticated 
programmable peripheral as well as a stand-alone 
microcomputer. 




Biocic Diagram 
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Memory 

Memory is divided into tiiree types: instruction ROM, 
data ROM, and data RAM. The 512 x 23-bit words of 
instruction ROM are addressed by a 9-bit program 
counter whicin can be modified by an external reset, 
interrupt, call, jump, or return instruction. 

Tiie data ROM is organized in 51 x 1 3-bit words wiiich 
are addressed ttirough a 9-bit ROM pointer (RP regis- 
ter). Tiie RP may be modified simultaneously with 
arithmetic instructions so that the next value is avail- 
able for the next instruction. The data ROM is ideal for 
storing the necessary coefficients, conversion tables, 
and other constants for your processing needs. Do not 
use data ROM locations and 1 in the //PD7720A, 
where these locations are reserved for storage of test 
pattern data. (When submitting code for /yPD7720A, 
theselocationsshouldbesettoO).Notethat//PD77P20 
allows use of these locations, but using them is not 
advised. 

The data RAM is 128 x 16-bit words and is addressed 
through a 7-bit data pointer (DP register). The DP has 
extensive addressing features that operate simulta- 
neously with arithmetic instructions, eliminating addi- 
tional time for addressing or address modification. 

Arithmetic Capabilities 

One of the unique features of the SPI's architecture is 
its arithmetic facilities. With a separate multiplier, ALU, 
and multiple internal data paths, the SPI is capable of 
carrying out a multiply, an add or other arithmetic 
operation, and a data move between internal registers 
in a single instruction cycle. 

ALU 

The ALU is a 16-bit two's complement unit capable of 
executing 16 distinct operations on virtually any of the 
SPI's internal registers, thus giving the SPI both speed 
and versatility for efficient data management. 

Accumulators [ACCA/ACCB] 

Associated with the ALU are two 16-bit accumulators, 
each with its own set of flags, which are updated at the 



end of each arithmetic instruction (except NOP). Table 
1 shows the AGO A/B flag registers. In addition to zero 
result, sign, carry, and overflow flags, the SPI incor- 
porates auxiliary overflow and sign flags (SA1, SB1, 
0VA1 , OVB1 ) . These flags enable the detection of an 
overflow condition and maintain the correct sign after 
as many as three successive additions or subtractions. 



Table 1. 


ACC A/B Flag Registers 






Flag A 


SA1 SAO CA ZA 


0VA1 


OVAO 


FlagB 


SB1 SBO CB ZB 


0VB1 


OVBO 



Sign Register [SGN] 

When 0VA1 is set, the SA1 bit will hold the corrected 
sign of the overflow. The SGN register will use SA1 to 
automatically generate saturation constants 7FFFH(+) 
or 8000H(-) to permit efficient limiting of a calculated 
value. The SGN register is not affected by arithmetic 
operations on accumulator B, but flags SB1, SBO, CB, 
ZB, 0VB1 and OVBO are affected by accumulator B 
arithmetic operations. 

IVlultiplier 

Thirty-one bit results are developed by a 16 x 16-bit 
two's complement multiplier in 250 ns. The result is 
automatically latched to two 16-bit register M&N (sign 
and 15 higher bits in M, 15 lower bits in N; LSB in N is 
zero) at the end of each instruction cycle. A new 
product is available for use after every instruction 
cycle, providing significant advantages in maximizing 
processing speed for real-time signal processing. 

Stacl( 

The SPI contains a 4-level program stack for efficient 
program usage and interrupt handling. 

Interrupt 

The SPI supports a single-level interrupt. Upon sens- 
ing a high level on the INT terminal, a subroutine call to 
location 100H is executed. The El bit of the status 
register automatically resets to 0, disabling the inter- 
rupt facility until it is reenabled under program control. 
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Input/Output 

General 

The NEC SPI has three communication ports, as 
shown in figure 1 : two serial and one 8-bit parallel, each 
with its own control lines for interface handshaking. 
Parallel port operation is software-configurable to be 
in either polled mode or DMA mode. A general purpose 
2-line output port rounds out a full complement of 
interface capability. 

Serial i/0 

The two shift registers (SI, SO) are software-configur- 
able to single or double byte transfers. The shift 
registers are externally clocked (SCK) to provide a 
simple interface between the SPI and serial peripherals 
such as A/D and D/A converters, codecs, or other SPIs. 
Figure 2 shows serial I/O timing 



Figure 1. fjiPD7720A/fiPD7720 Communication Ports 
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Parallel I/O 

The 8-bit parallel I/O port may be used for transferring 
data or reading the SPI's status, as shown in table 2. 
Data transfer is handled through a 16-bit data register 
(DR) that is software-configurable for double or single 
byte data transfers. The port is ideally suited for 
operating with 8080, 8085, and 8086 processor buses 
and may be used with other processors and computer 
systems. 



Table 3. Status Register Flags 



Table 2. 


Parallel R/W Operation 


CS Ag 


WR 


RD 


Operation 


1 X 
X X 


X 

1 


1/ 


No elfect on internal operation. 
Dq-Dj are at high impedance levels. 








1 


Data from D0-D7 is latched to DR (Note 1) 





1 





Contents of DR are output to D0-D7 (Note 1) 


1 





1 


Illegal (SR is read only) 


1 


1 





Eight MSBs of SR are output to D0-D7 


X 








Illegal (May not read and write 
simultaneously) 



Note: 

(1 ) Eight MSBs or 8 LSBs of data register (D R) are used, depending 
on DR status bit (DRS). The condition of DACK = is equivalent 
to Ag = CS = 0. 

DMA Mode Option 

Parallel data transfers may be co ntrolled (optionally) 
via DMA control lines DRQ and DACK. DMA mode 
allows high speed transfers and reduce d processor 
overhead. When in DMA mode, DACK input resets 
DRQ output when data transfer is completed. DACK 
does not affect any status register bit or flag bit. 

Status Register 

The status register, shown in figure 3, is a 16-bit 
register in which the eight most significant bits may be 
read by the system's microprocessor for the latest 
parallel data I/O status. The ROM and DRS bits can 
only be affected by parallel data moves. The other bits 
can be written to (or read) by the SPI's load immediate 
(LDI) or move (MOV) instructions. The El bit is automa- 
tically reset when an interrupt is serviced. 



Figure 3. 
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Flag 


Description 


ROM (Request for 
Master) 


A read or write from DR to IDB sets RQM = 1. 
An external read (write) resets RQM = 0. 


USFIandUSFO 
(User Flags 1 
andO) 


General purpose flags which may be read 
by an external processor for user-defined 
signaling 


DRS (DR Status) 


For 16-bit DR transfers (DRC = 0). DRS = 1 

after first 8 bits have been transferred. 

DRS = after all 16 bits have been transferred. 


DMA (DMA Enable) 


DMA = (Non-DMA transfer mode) 
DMA = 1 (DMA transfer mode) 


DRC (DR control) 


DRC = (16-bit mode) 
DRC = 1 (8-bit mode) 


SOC (SO Control) 


SOC = (16-bit mode) 
SOC = 1 (8-bit mode) 


SIC (SI Control) 


SIC = (16-bit mode) 
SIC = 1 (8-bit mode) 


El (Enable 
Interrupt) 


El = (interrupts disabled) 
El = 1 (interrupts enabled) 


P1,P0 

(Ports and 1) 


PO and PI directly control the 
state of output pins Pq and Pi 



Instructions 

The SPI has three types of instructions. Each of the 
three types take the form of a 23-bit word, and each 
executes in 250 ns. 

Instruction Timing 

To control the execution of instructions, the external 8 
MHz clock -is divided into four phases for internal 
execution. The various elements of the 23-bit instruc- 
tion word are executed in a set order. Multiplication 
automatically begins first. Also, data moves from 
source to destination before other elements of the 
instruction. Data being moved on the internal data bus 
(IDB) is available for use in ALU operations (if P-select 
field of the instruction specifies IDB). However, if the 
accumulator specified in the ASL field is also specified 
as the destination of the data move, the ALU operation 
becomes a NOP, as the data move supersedes the ALU 
operation. 

Pointer modifications occur at the end of the instruc- 
tion cycle — after their values have been used for data 
moves. The result of multiplication is available at the 
end of the instruction cycle for possible use in the next 
instruction. If a return is specified as part of an OP 
instruction, it is executed last. 
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An assembly language 'OP' instruction may consist of 
what looks like one to six lines of assembly code, but all 
of these lines are assembled together into one 23-bit 
instruction word. Therefore, the order of the six lines 
makes no difference in the order of execution des- 
cribed above. However, for understanding the SPI's 
operation and to eliminate confusion, write assembly 
code in the order described; that is: data move, ALU 
operations, data pointer modifications, then return. 

OP/RT Instruction Field Specification 

Figure 4 illustrates the OP/RT instruction field specifi- 
cation. There are two instructions of this type, both of 
which are capable of executing all ALU functions listed 
in table 5. The ALU functions operate on the value 
specified by the P-select field (see table 4). 

Besides the arithmetic functions, these instructions 
can also (1) modify the RAM data pointer DP, (2) 
modify the data ROM pointer RP, and (3) move data 
along the on-chip data bus from a source register to a 
destination register (the possible source and destina- 
tion registers are listed in tables 10 and 11, respective- 
ly) . The difference in the two instructions of this type is 
that RT executes a subroutine or interrupt return at the 
end of the instruction cycle, but the OP does not. 
Tables 6, 7, 8, and 9 show the ASL, DPL, DPH and 
RPDGR fields, respectively. 



Figure 4. 
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Table 4. 


P-Select Field 




Mnemonic 


D20 


D,9 


ALU Input 


RAM 








RAM 


IDB 





1 


Internal Data Bus (Note 1) 


M 


1 





M Register 


N 


1 


1 


N Register 



Note: 

(1) Any value on the on-chip data bus. Value may be selected from 
any of the registers listed in table 6 source register selections. 




Table 5. 


ALU Field 




















Mnemonic 


D18 


Dl7 


DiB 


Dl5 


ALU Function 


SA1 
SB1 


SAO 
SBO 


CA 
CB 


ZA 
ZB 


0VA1 
OVBI 


OVAO 
OVBO 


NOP 














No operation 


- 


- 


- 


- 


- 


- 


OR 











1 


OR 


X 


A 





A 








AND 













AND 


X 


A 





A 








XOR 










1 


Exclusive OR 


X 


A 





A 








SUB 





1 







Subtract 


A 


A 


A 


A 


A 


A 


ADD 





1 




1 


ADD 


A 


A 


A 


A 


A 


A 


SBB 





1 







Subtract with borrow 


A 


A 


A 


A 


A 


A 


ADC 





1 




1 


Add with carry 


A 


A 


A 


A 


A 


A 


DEC 













Decrement ACC 


A 


A 


A 


A 


A 


A 


INC 










1 


Increment ACC 


A 


A 


A 


A 


A 


A 


CMP 












Complement ACC (one's complement) 


X 


A 





A 








SHR1 









1 


1-Bit right shift 


X 


A 


A 


A 








SHL1 




1 







1-Bit left shift 


X 


A 


A 


A 








SHL2 




1 




1 


2-Bit left shift 


X 


A 





A 








SHL4 




1 







4-Bit left shift 


X 


A 





A 








XCHG 




1 




1 


8-Bit exchange 


X 


A 





A 









Note: 

A May be affected, depending on the results 
— Previous status can be held 
Reset 
X Indefinite 



5-83 



//PD7720A/77P20 



NEC 



Table 6. 


ASL Field 






Mnemonic 




Dm 


ACC Selection 


ACCA 







ACCA 


ACCB 




1 


ACCB 


Table 7. 


DPL Field 






Mnemonic 


l>13 


D,2 


Low DP Modify (DP3-DP0) 


DPNOP 








No operation 


DPINC 





1 


Increment DPL 


DPDEC 


1 





Decrement DPL 


DPCLR 


1 


1 


Clear DPL 


Table 8. 


DPH Field 






Mnemonic 


Dll DiO "9 




Higli DP Modify 



MO 











M1 








1 


M2 





1 





M3 





1 


1 


M4 


1 








M5 


1 





1 


M6 


1 


1 






Exclusive OR of DPH (DP6-DP4) with 
the mask defined by the three bits 
(D11-D9) of the DPH field 



M7 


1 1 


1 








Table 9. 


RPDCR Field 








Mnemonic 






Db 




RP Operation 


RPNOP 











No operation 


RPDEC 






1 




Decrement RP 


Table 10. 


SRC Field 








Mnemonic 


07 


De 


D5 


II4 


Source Register 


NON 














No register 


A 











1 


ACCA (Accumulator A) 


B 








1 





ACCB (Accumulator B) 


TR 








1 


1 


TR temporary register 


DP 





1 








DP data pointer 


RP 





1 





1 


RP ROM pointer 


RO 





1 


1 





RO ROM output data 


SGN 





1 


1 


1 


SGN sign register 



Table 10. 


SRC Field (cont) 




Mnemonic 


D7 


De 


D5 


D4 


Source Register 


DR 













DR data register 


DRNF 










1 


DR no flag (Note 1) 


SR 







1 





SR status register 


SIM 







1 


1 


SI serial in MSB (Note 2) 


SIL 




1 








SI serial in LSB (Note 3) 


K 




1 





1 


K register 


L 




1 


1 





L register 


MEM 




1 


1 


1 


RAM 



Note: 

(1) DR to IDB, RQM not set. In DMA, DRQ not set. 

(2) First bit in goes to MSB, last bit to LSB. 

(3) First bit goes to LSB, last bit to MSB (bit reversed). 



Table 11. 


DST Field 






Mnemonic 


03 


l>2 


Dl 


Do 


Destination Register 


@NON 














No register 


@A 













ACCA (Accumulator A) 


@B 












ACCB (Accumulator B) 


@TR 












TR temporary register 


@DP 





1 






DP data pointer 


@RP 





1 






RP ROM pointer 


@DR 





1 







DR data register 


@SR 





1 






SR status register 


@SOL 











SO serial out LSB (Note 1) 


@SOM 











SO serial out MSB (Note 2) 


@K 












K(Mult) 


@KLR 











IDB ^K, ROM — L (Note 3) 


@KLM 




1 








Hi RAM -K, IDB -L (Note 4) 


@L 




1 







L (Mult) 


@NON 




1 







No register 


@MEM 




1 






RAM 



Note: 

(1) LSB Is first bit out. 

(2) MSB is first bit out. 

(3) Internal data bus to K, and 

(4) Contents of RAM address 
register, IDB is placed in L 



ROM to L register. 

specified by DPg = 1, is placed in K 
(that is, 1, DP5, DP4 DP3-DP0). 
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Jump/Call/Branch 

Figure 5 shows the JP instruction field specification. 

Three types of program counter modifications are ac- 
commodated by the processor and are listed in table 
12. All the instructions, if unconditional or if the speci- 
fied condition is true, take their next program execution 
address from the next address field (NA); otherwise PC 
= PC + 1. 



Table 12. 


BRCH Field 






D20 


Dl9 


D18 


Branch Instruction 


1 








Unconditional jump 


1 





1 


Subroutine call 





1 





Conditional jump 



For the conditional jump instruction, the condition 
field specifies the jump condition. Table 13 lists all the 
instruction mnemonicsofthejump/call/branch codes. 

Load Data [LDI] 

Figure 6 shows the LD instruction field specification. 

The load data instruction will take the 16-bit value 
contained in the immediate data field (ID) and place it 
in the location specified by the destination field (DST) 
(see table 11). 

Figure 5. JP Instruction Field Specification 





22 21 


20 19 18 


17 16 15 14 13 


12 11 10 9 8 7 6 5 4 


3 2 10 


1- 


10 


BRCH 


CND 


NA 


^--^ 



Figure 6. LD Instruction Field Specification 
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Table 13. 


BRCH/CND Fields 




Mnemonic 


D20 B19 D18 0l7 "16 0l5 Dl4 0l3 


Conditions 
(Note 1) 


JMP 


10 


No condition 


CALL 


10 10 


No condition 



JNCA 





1 














CA = 


JCA 





1 











1 


CA = 1 


JNCB 

















1 


CB = 1 


JCB 





1 













CB = 1 


JNZA 














1 





ZA = 


JZA 














1 




ZA = 1 


JNZB 





1 








1 


1 


ZB = 


JZB 














1 




ZB = 1 


JNOVAO 



















OVAO = 


JOVAO 


















OVAO = 1 


JNOVBO 


















OVB0 = 


JOVBO 


















OVBO = 1 


JN0VA1 













1 




OVA1=0 


J0VA1 













1 




0VA1 = 1 


JN0VB1 













1 




0VB1 = 


J0VB1 













1 




0VB1 = 1 


JNSAO 


















SAO = 


JSAO 


















SA0 = 1 


JNSBO 


















SBO = 


JSBO 


















SB0 = 1 


JNSA1 













1 




SA1=0 


JSA1 













1 




SA1 = 1 


JNSB1 













1 




SB1=0 


JSB1 













1 




SB1 = 1 


JDPLO 

















DPL = 


JDPLF 

















DPL = FH 


JNSIAK 

















SI ACK = 


JSIAK 

















SI ACK = 1 


JNSOAK 












1 




SO ACK = 


JSOAK 












1 




SO ACK = 1 


JNRQM 












1 




RQM = 


JRQM 












1 




RQM = 1 




Note: 

(1 ) BRCH or CND values not in this table are prohibited. 
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Absolute Maximum Ratings 



Supply voltage, Vcc (7720A) 


-0.5 to +7.0 V 


Supply voltage, Vcc (77P20) 


-0.3 to +7.0 V 


Programming voltage, Vpp (77P20 only) 


-0.3 to +22 V 


Input voltage, V| (7720A) 


-0.5 to +7.0 V 


Input voltage, V| (77P20) 


-0.3 to +7.0 V 


Output voltage, Vq (7720A) 


-0.5 to +7.0 V 


Output voltage, Vq (77P20) 


-0.3 V to +7.0 V 


Operating temperature, Tqpt 


-10°Cto+70°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 

Ta = -10°C to +70 °C, Vcc = +5 V ±5% 





Symbol 


Limits 


iVIax 


Test 


Parameter 


Min 


Typ 


Unit Conditions 


Input low voltage 


V|L 


-0.5 




0.8 


V 


Input high voltage 


V|H 


2.0 




Vcc + 0.5 


V 


CLK low voltage 


V^L 


-0.5 




0.45 


V 


CLK high voltage 


V^H 


3.5 




Vcc + 0.5 


V 


Output low 
voltage 


Vol 






0.45 


V loL = 2.0 mA 


Output high 
voltage 


VOH 


2.4 






V Ioh = -400a/A 


Input load 
current 


lUL 






-10 


M V|N = V 


Input load 
current 


Ilih 






10 


fjA V|N = Vcc 


Output float 
leakage 


'lol 






-10 


//A VouT = 0.47 V 


Output float 
leakage 


Iloh 






10 


M VouT = Vcc 


Power supply 
current (7720A) 


Iqc 




120 


170 


mA 


Power supply 
current (77P20) 


Ice 




270 


350 


mA 



Vpp current 
(77P20 only) 



Ipp 



70 mA Program mode 
max pulse 
current (Note 1) 



0.5 



3.0 mA Program verify, 
inhibit (Note 2) 



Note: 

(1)Vpp = 21 ±0.5V 

(2) For K-level parts, Vpp max = 

Vpp min = 

For all other step levels: Vpp 

Vpp 
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(Vcc - 0.6 V) + 0.25 V 
(Vcc - 0.6 V) - 0.25 V 
max = Vcc + 0.25 V 
min = Vcc ~ 0.85 V 



Capacitance 












Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 



CLK, SCK 
capacitance 



C0 



20 



pF fc = 1 MHz 



Input pin capacitance C|n 



pF 



Output pin capacitance Cqut 


20 [ 


)F 


AC Ciiaracteristics 

Ta = -10°C to +70°C, Vcc = +5 V ±5% 




Symbol 


Limits 


Max 


Test 


Parameter 


Min Typ 


Unit Conditions 


CLK cycle time 
A(PD7720A 


4>CY 


120 


2000 


ns (Note 1) 


CLK cycle time 
A(PD77P20 


0CY 


122 


2000 


ns (Note 1) 


CLK pulse width 


0D 


60 




ns (Note 4) 


CLK rise time 


<PR 




10 


ns (Note 1) 


CLK fail time 


<PF 




10 


ns (Notel) 


Address setup time 
forRD 


Ur 







ns 


Address hold time 
forRD 


tRA 







ns 


RD pulse width 


tRR 


250 




ns 


Data delay from RD 


tRD 




150 


ns CL = 100pF 


Read to data 
floating 


tDF 


10 


100 


ns CL = 100pF 


Address setup 
time for WR 


tAW 







ns 


Address hold 
time for WR 


tWA 







ns 


WR pulse width 


tww 


250 




ns 


Data setup time 
forWR 


tow 


150 




ns 


Data hold time 
forWR 


twD 







ns 


RD, WR, recovery 
time 


tRV 


250 




ns (Note 2) 


DRQ delay 


tAM 




150 


ns 


DACK delay time 


tDACK 


1 




<pD (Note 2) 


DACK pulse width 


too 


250 


2000 


ns A'P7720A 




250 


50000 


ns A'PD77P20 


SCK cycle time 


tSCY 


480 


DC 


ns 


SCK pulse width 


tsCK 


230 




ns 


SCK rise/fall time 


tfisc/tpsc 




20 


ns 


SORQ delay 


tORQ 


30 


150 


ns CL = 100pF 


SOEN setup time 


tsoc 


50 




ns 


SOEN hold time 


tcso 


30 




ns 
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AC Characteristics (cent) 

Ta = -10°C to +70°C, Vcc = +5 V ±5% 





Symbol 


Limits 


Max 


Unit 


Test 


Parameter 


iWin Typ 


Conditions 


SO delay from SCK 
= low 


toCK 




150 


ns 




SO delay from 
SCK before 1st bit 
(Note 3) 


tOZRQ 


20 


300 


ns 


(Note 2) 


SO delay from SCK 


tDZSC 


20 


300 


ns 


(Note 2) 


SO delay for SOEN 


toZE 


20 


180 


ns 


(Note 2) 


SOEN to SO floating 


tHZE 


20 


200 


ns 


(Note 2) 


SCK to SO floating 
with SORQ high 


tHZSC 


20 


300 


ns 


(Note 2) 


SO delay from SCK 
for last bit 


tHZRQ 


70 


300 


ns 


(Note 2) 


SIEN, SI setup time 


toe 


55 




ns 


(Note 2) 


SIEN, SI hold time 


tCD 


30 




ns 




Pq, Pi delay 


top 




0CY 
+150 


ns 




RST pulse width 


tRST 


4 




<^CY 




INT pulse width 


t|NT 


8 




0CY 





Notes: 

(1) Voltage at timing measuring point: 1.0 V and 3.0 V. 

(2) Voltage at AC timing measuring point: 
V|L = Vol = 0.8 V 

V|H = VoH = 2.0V 

(3) SO goes out of tristate, but data is not valid yet. 

(4) Pulse width includes CLK rise and fall times. Refer to Clock Timing 
Waveform. 

Timing Waveforms 

Input Waveform of AC Test (except CLK) 
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Timing Waveforms (cent) 

Read Operation 
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Write Operation 
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\ 



zJ 
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DMA Operation 



16 Bit Transfer Mode 



Port Output 
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Reset 
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Timing Waveforms (cont) 

Interrupt 
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Serial Timing 



Figure 7 shows serial output timing when SOEN is 
asserte d in response to SORQ when SCK is low. If 
SOE N is he ld inactive until after SORQ is assert ed, and 
then SOEN is asserted while SCK is low (SOEN should 
be held inactive until the period of tcso. after the falling 
edge of SCK), SO will become active but not valid 
tozsc afterthe next rising edge of SCK. SO will become 
valid with the first bit tpcK af^ei" the next falling edge of 
SCK, for use by an external device at the subsequent 
rising edge of SCK. Subsequent bits will be shifted out 
tocK after subsequent falling edges of SCK, for use at 
subsequent rising edges of SCK. The last bit to be 
shifted out will also follow this pattern, and will be held 
valid tHZRQ after the corresponding rising edge of SCK 
at which it is to be used. SORQ will be held tpR Q after 
this same rising edge of SCK, then removed. SOEN 
should be released at least tsoc before the next falling 
edge of SCK. 



Figure 8 shows timing for serial output when SOEN is 
asserte d in response to SORQ when SCK is high. If 
SOE N is he ld inactive until after SORQ is asserted, and 
then SOEN is asserted while SCK is high (at least tsoc 
before the falling edge of SCK), SO will bec ome ac tive 
but not valid tpzE after the falling edge of SOEN. SO 
will become valid tocK afterthe falling edge of SCK, for 
use by an external device at the subsequent risin g edge 
of SCK. Note that, although figure 8 shows SOEN 
being asserted during a different SCK pulse than the 
one in which SORQ is asserted, it is permissible for 
these t o occur during the same pulse of SCK, as long as 
SOEN is still asserted tsoc before the falling edge of 
SCK. The timing for the second through the last bits is 
identical to the timing shown in figure 7. 



becomes available in the serial output register (assum- 
ing previous data is already shifted out). In this case, 
SORQ will rise topo after a rising edge of SCK. SO will 
become active (but not valid yet) tozRO after the same 
rising edge of SCK. The first valid SO bit occur tocK 
after the next falling edge of SCK, for use by an 
external device at the subsequent rising edge of SCK. 
Subsequent bits will be shifted out tocK after subse- 
quent falling edges of SCK, for use at subsequent 
rising edges of SCK. The last bit to be shifted out will 
also follow this pattern, and will be held valid thzRO 
after the corresponding rising edge of SCK at which it 
is to be used. SORQ will be held toRO after this same 
rising edge of SCK, then removed. 



Avoid releasing SOEN in the middle of a transfer (that 
is, before the last bit is shifted out), sin ce this will stop 
the output shift operation, and, when SOEN is again 
asserted, the remainder of the transfer will be shifted 
out beforethenexttransfercan begin. The next tranfer 
will begin immediately witho ut any indication of the 
byte/word boundary. If SOEN is released while SCK is 
high, as shown in figure 10, at least tsoc before the 
falling edge of SCK, then SO will go inactive tHZE after 
SOEN is released (which may be before or after the 
falling edge of SCK). 



Figure 9 shows output ti ming when SOEN is active 
before SORQ is high. If SOEN is held active before 
SORQ is high, data will be shifted out whenever it 



If SOEN is released while SCK is low, as in figure 1 1 , at 
least tcso after the falling edge of SCK, then the next 
bit will be shifted out tpcK afterthe falling edge of SCK, 
for use at the subsequent rising edge of SCK. SO will 
then go inactive tnzsc after this rising edge of SCK. 

Note: 

For all its uses, SOEN must not change state within tsoc before or 
tcso ^tts"" the falling edge of SCK; otherwise, the results will be 
indeterminate. 

Serial input timing, shown in figure 12, is much simpler 
than serial output tim ing. D ata bits are shifte d in on the 
rising edge of SCK if SIEN is asserted. Both SIEN and 
SI must be stable at least tpc before and too after the 
rising edge of SCK; otherwise the results will be 
indeterminate. 

Figure 13 shows serial timing of cascaded SPIs with a 
common SCK. SO from the first SPI equals SI of the 
second, and the first SPI's SORQ inverts to become 
SIEN of the second. SOEN of the first SPI is always 
asserted. 
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Figure 7. Serial Output Case #1: SOEN Asserted in 
Response to SORQ wlien SCK is Low 
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Figure 8. Serial Output Case #2: SOEN Asserted in 
Response to SORQ wlien SCK is High 
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Figure 9. Serial Output Case #3: SOEN Active before 
SORQ is High 
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Figure 10. Serial Output Case #4A: If SOEN is 
Released in the IVIiddle of a Transfer 
During SCK High 
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Figure 1 1. Serial Output Case #4B: if SOEN is 
Released In the Middle of a Transfer 
During SCK Low. 
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Figure 12. Serial input 
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Figure 13. Serial Timing Example 
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When cascading two SPIs in tlie described configura- 
tion, most of the timing involve d is dire ctly copied from 
the case of serial output with SOEN always enabled 
(figure 13). It must be shown that the results will be 
suitable for the serial input timing of the second SPI. 

(1 ) SORQ (1 ) rises toRQ after a rising edge of SCK, and 
it is inv erted (inverter has tpHL delay time) to 
become SIEN (2), which must be stable toe before 
the next rising edge of SCK. It also must not 
change until tco after this first rising edge of SCK, 
as shown by case 2 in figure 8. 

tDRQ(max) + tpHL + tDc(min) < tscY(min) 
tpHL(max) < tscY(min) - tDc(min) - toRoCmax) 

< 480 -55 -150 

<275nsec— readily achieved by 74LS1 4, 
for example 

(2) SORQ (1) is released tpRQ after the last useful 
rising edge of SCK, and is inver ted (inverter has 
tpHL delay time) to become SIEN (2), which must 
remain stable tco after the rising edge of SCK. 

tDRQ(min) + tpLH(min) > tcD(min) 

tpLH(min) > tcD(min) - tDRQ(min) 

> 30 - 30 

> — no problem, assuming 

causality 

Note: 

This also shows tpHL(nriin) > for the rising edge of SORQ. 

(3) SO (1) is valid tpcK after a falling edge of SCK; 
since it becomes SI (2), it must be valid toe before 
the next rising edge of SCK. 

tDCK(max) + tDc(min) < tscK(min) 

150 + 55 < 230 

205 < 230— this condition is satisfied 

(4) SO (1) remains valid tnzRQ after the last useful 
rising edge of SCK; since it becomes SI (2), it must 
remain valid tco after this rising edge of SCK. 

tHZRQ(min)>tcD(nnin) 

70 > 30— this condition is satisfied 

Note: 

The above calculations may need to be adjusted for rise and fall 
times, since tscY ^nd tscK ^''^ measured for midpoints of wave 
slopes. 



//PD77P20 UV Erasable EPROM Version 

Function 

The /UPD77P20 operates from a single +5 V power 
supply and can accordingly be used in any//PD7720A 
masked ROM application. 

Use of Evakit-7720 

The following sections describe electrical conditions 
that are required for programming the yuPD77P20. 
However, the Eval<it-7720, NEC's hardware emulator 
development tool forthe/uPD7720A//;PD77P20, meets 
the electrical and timing specifications presented be- 
low. When the Eval<it-7720 is used for programming 
/uPD77P20, all data transfers and formatting are han- 
dled automatically by Evakit's monitor program. Please 
refer to the Evakit-7720(B) User's Manual for program- 
ing procedures. 

The information presented below in the sections on 
Configuration, Operation, and Programming (and the 
various subsections) is required only for users who do 
NOT intend to use an Evakit to program the//PD77P20. 

Configuration 

Data transfer for programming and reading the internal 
ROM is partitioned into three bytes for each 23-bit wide 
instruction location and into two bytes for each 13-bit 
wide data location. Partitioning of data transfer into 
and out of the data port is shown in figure 14. 

instruction ROiVI 

The instruction ROM data is transferred through the 
data port as a high byte, middle byte, and low byte as 
shown in figure 15. Bit 7 of the middle byte should be 
assigned a value of zero. Data is presented to the data 
port in a bit-reversed format. The LSB through the MSB 
of an instruction ROM byte is applied to the MSB 
through the LSB of the data port, respectively. 

Data ROIM 

Figure 16 shows the data ROM format. The data ROM 
data is transferred through the data port as a low byte 
and a high byte as shown in figure 1 7. Bits 0, 1 , and 2 of 
the low byte should be assigned a value of zero. Data is 
presented to the data port in corresponding order. The 
MSB through the LSB of a data ROM byte is applied to 
the MSB through the LSB of the data port, respectively. 

Initially and after each erasure, all bits of theyuPD77P20 
are in the zero state. 
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Figure 14. Instruction ROM Format 
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Figure 15. 


Transfer of Instruction ROM Data 




Data Port 7 6 5 4 3 2 10 


High Byte |l5 {l6 {l7 {l8 1 19 | 2o| 21 |22| 


Middle Byte 1 * | 8 | 9 |lO 1 11 |l2 1 13 |l4 | 


Low Byte |o|l{2|3|4|5|6|7| 


Note: * = Set to zero as dummy data. 

49-000926A 



Figure 16. 


Data ROM Format 








M 
S 

B 


L 
S 
B 


49-000927A 


|12{11|10| 9|8|7|6|5{4{3{2| 


i|o| 







Figure 17. Transfer of Data ROM Data 



Data Port 
High Byte 

Low Byte 
Note: * = 


7 6 5 4 3 2 10 


49-000928A 


|12|11 |l0| 9 1 8 1 7 1 6 1 5 1 




|4|3hll|0|.l.l.| 


Set to zero as dummy data. 



Operating Modes 

In order to read or write the instruction or data ROMs, 
the mode of operation of the yuPD77P20 mus t be 
ijiitially set. At the RST trailing edg e, the R D, WR, and 
CS should be logical zero and the DACK, Aq, and SI 
signals should be set to determine the mode of opera- 
tion accordingly, as set out in table 14. 



Table 14. 


fiPD77P20 Operation Mode 


DACK 


Ao 


SI 













Write mode instruction and data ROIVl 








1 


Read the instruction ROIVl 





1 





Read ttie data ROM 



Once set, the //PD77P20 will remain in the selected 
mode. A reset is required to transfer to another mode. 

Write IVIode 

The individual instruction ROM and data ROM bytes 
are specified by control signals RD, Aq, SI, and INT as 
set out in table 15. Before writing the EPROM location, 
the bytes should be loaded accordingly. 



Table 15. Write Mode Specification of ROM bytes 


RD Ao 


SI 


INT 




1 





1 


Write instruction byte, high 


1 


1 





Write instruction byte, middle 


1 


1 


1 


Write instruction byte, low 


1 1 








Write data byte, low 


1 1 





1 


Write data byte, high 




Read IVIode 

The instruction ROM and data ROM bytes are specified 
by the control signals RD, Aq, SI, and INT as set out in 
table 16. Reading is accomplished by setting the 
control signals accordingly. 



Table 16. 


Read Mode Specification of ROM Bytes 


RD 


AO 


SI 


INT 













1 


Read instruction byte, high 








1 





Read instruction byte, middle 








1 


1 


Read Instruction byte, low 


1 











Read data byte, high and low 



The instruction ROM and data ROM are addressed by 
the 9-bit program counter and the 9-bit ROM pointer 
respectively. The PC is reset to OOOH and is automati- 
cally incremented to the end address 1 FFH. The RP is 
reset to 1FFH and is automaticaly decremented to 
OOOH. 
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Erasing 

Programming can only occur when all data bits are in 
an erased or low (0) level state. Erase //PD77P20 
programmed data by exposing it to light with wave- 
lengths shorter than approximately 4,000 angstroms. 
Note that constant exposure to direct sunlight or room 
level fluorescent lighting could erase the //PD77P20. 
Consequently, if the //PD77P20 will be exposed to 
these types of lighting conditions for long periods of 
time, mask itswindowto prevent unintentional erasure. 

The recommended erasure procedure for the/uPD77P20 
is exposure to ultraviolet light with wavelengths of 
2,537 angstroms. The integrated dose (i.e., UV intensity 
X exposure time) for erasure should not be less than 1 5 
W-sec/cm2. The erasure time is approximately 20 
minutes using an ultraviolet lamp with a power rating of 
1 2,000 /yW/cm2. 

During erasure, place the//PD77P20 within one inch of 
the lamp tubes. If the lamp tubes have filters, remove 
the filters before erasure. 

Programming 

Programming of the yuPD77P20 is achieved with a 
single 50 ms TTL pulse. Total programming time for the 
1 1 ,776 bits of instruction EPROM and also for the 6,630 
bits of data EPROM is 26 seconds. Data is entered by 
programming a high (1) level in the chosen bit loca- 
tions. Both instruction ROM and data ROM should be 
programmed since they cannot be erased independent- 
ly. Both instruction ROM and data ROM programming 
modes are entered in the same manner. The device 
must be reset initially before it can be placed into the 
programming mode. After being re set, the WR signal 
and all other inputs (RD, CS/PROG, DACK, Aq, SI, and 
INT) should be a TTL low (0) signal tps prior to the 
falling edge of RST. WR is then held for tpH before 
being set to a TTL high (1) level signal. The device is 
now in a programming mode and will stay in this mode, 
allowing ROM locations to be sequentially prog rammed. 



Programming Mode— Instruction ROM. Instruction 
ROM locations are sequentially programmed from 
address OOOH to address 1 FFH. The location address is 
incremented by the application of CLK for a duration of 
tcY- Data bytes for each location as specified by control 
signals RD, Aq, SI, and INT (table 15)^are clocked into 
the device by the falling edge of RD. After the three 
bytes have been loaded into the device, Vpp is raised to 
21 V ±0.5 V, tvs prior to CS/PROG transitioning to a 
TTL high (1 ) level signal. Vpp is held for the duration of 
tpRpR plus tpRv before returning to the Vcc level. After 
tpRCL the instruction ROM address can be incremented 
to program the next location. Figure 18 shows the 
programming mode of instruction ROM timing. 

Programming Mode— Data ROM. Data ROM locations 
are sequentially programmed from address 1FFH to 
address OOOH. The location address is decremented by 
the application of CLK for tcv- The data bytes for each 
location as specified by control signals RD, Aq, SI, and 
INT are clocked into the device by the falling edge of 
RD. After the two bytes have been loaded into the 
device, Vpp is raised to 21 V ±0.5 V, typp prior to 
CS/PROG transitioning to a TTL high (1) level signal. 
Vpp is held for the duration of tpRPR plus tppv before 
returning to the Vqc level. After tpRCL the data ROM 
address can be decremented to program the next 
location. Figure 19 shows programming mode of data 
ROM timing. 

Read Mode. A read should be performed to verify that 
the data was programmed correctly. Prior to entering 
read mode the device must be reset. 
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Figure 18. Programming Mode of Instruction ROM 
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Figure 19. Programming Mode of Data ROM 
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Read Mode— Instruction ROM. This mode is entered 
by holding the WR signal at a TTL low (0) level with the 
SI signal at a TTL high ( 1) leve l and all other specified 
inputs (RD, CS/PROG, DACK, Aq, INT) at TTL low (0) 
levels for tcoRS prior to the falling edgeof RST. WR is 
then held for tpsw before being set to a TTL high (1) 
level. The device is now in the instruction ROM read 
mode and will stay in this mode until reset. Instruction 
ROM locations are sequentially read from address 
OOOH through 1FFH. Application of CLK for tcv will 
increment the location address. The three data bytes 
will be read as specified by the control signals RD, Aq, 
SI and INT (table 16). Figure 20 shows read mode of 
instruction ROM timing. 

fjtPD77P20 Mode Selection 



Mode 


CS/PROG 


Vpp 


Vcc 


Outputs 


Instruction ROM program 


V|H 


VPP 


+5V 


D|N 


Data ROM program 


V|H 


Vpp 


+5V 


D|N 


Instruction ROM read 


V|L 


Vcc 


+5V 


DOUT 


Data ROM read 
operation 


V|L 

V|H 


Vcc 
Vcc 


+5V 
+5V 


DOUT. 

D|N. 

HighZ 



Read Mode— Data ROM. Figure 21 shows read modeof 
data ROM timing. This mode is entered by holding the 
WR signal at a TTL low (0) level with the Aq signal at a 
TTL high (1 ) level and all other specified inputs (RD, 
CS/PROG, DACK, SI, INT) at TTL low (0) levels for 
tcoRS prior to the falling edge of RST. WR and Aq are 
then held for tpgw P^ior to the falling edge of RST. WR 
and Aq are then held for tpsw before being set to a TTL 
high (1) level and TTL low (0) level, respectively. The 
device is now in the data ROM read mode and will stay 
in this mode until it is reset. Data ROM locations are 
sequentially read from address 1FFH through OOOH. 
Application of CLK for tcv will decrement the location 
address. After decrementing the location address, the 
low byte of the current location will be available at the 
data port subsequent to a tcLD delay. Application of RD 
will present thehjgh byte tppi from the falling edge of 
the RD pulse. RD is then applied for tvp to complete 
reading of the current location. 
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Figure 20. Read Mode of Instruction ROM 
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Figure 21. Read Mode of Data ROM 
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Programming Operation, 
AC Characteristics 

Ta = 25 °C +5°C,Vcc - 5 V ± 5%, Vpp = 21 V ±0.5 V 



Read Operation, AC Characteristics 
(cont) 





Symbol 




Limits 


Test 


Parameter 


MIn 


Typ Max 


Unit Conditions 


CLK cycle time 


tCY 


240 




ns 


CLK setup time 
toRDi 


tCLR 


2 




/US 


CLK hold time 
From RSTI 


tfiSCL 


6 




fiS 


CLK hold time 
from PROGi 


tpRCL 


200 




ns 


Control signal set-up tcoRS 
timetoRSTi 


1 




fjlS 


WR hold time 
from RSTi 


tRSW 


6 




fjS 


Data set-up time 
fromRDi 


tORIG 


1 




/us 


Data hold time 
fromRDi 


tRD 


100 




ns 


RD pulse width 


tRRI 


1 




/US 


SI,INTset-_ijp 
time from RDt 


tCOR 


100 




ns 


SI, INT hold_ 
time from RDi 


tRCO 


100 




ns 


RD set-up time 
To PROGt 


tRPR 


100 




ns 


RD hold time 
from PROGi 


tpRR 


2 




/US 


'Vpp set-up time 
To PROGt 


typR 


2 




/US 


Vpp hold time 
from PROGi 


tpRV 


2 




us 


RST pulse width 


tRSTI 


4 




tCY 


RST setup time 


tRS 


1 




/US 


PROG pulse width 


tPRPR 


45 


50 55 


ms 


Read Operation, AC Characteristics 

Ta = 25 °C +5°C; Vcc = 5 V ±5%; Vpp = Vqc + 0.25 V max 
Vpp = Vcc ^ 0-85 V min 




Symbol 




Limits 


Test 


Parameter 


MIn 


Typ Max 


Unit Conditions 


Data access time 
from CLK 


tCLD 




1 


/us 


Data delay time 
fromSI, INt 


tCOD 




1 


/US 


Data float time 
from SI, INt 


tCOOF 







ns 


SI, INT pulse width 


tcoco 


1 




/US 


RD recovery time 


tRVI 


500 




ns 



Ta = 25 "C +5°C; Vcc = 5 V ±5%; Vpp = Vcc + 0-25 V max 
Vpp = Vcc "" 0-85 V min 




Symbol 


Limits , . 

Tpiit 


Parameter 


MIn Typ Max Unit Conditions 


Data access time 
From RDi 


tRDI 


150 ns 


Data float time 
from RDt 


tOFI 


10 ns 



Operation Mode 

The/t/PD77P20 may be utilized in an operation mode 
after the instruction ROM and data ROiVI liave been 
programmed. Since it was first introduced in 1 982, the 
//PD77P20 has undergone several mask revisions to 
improve manufacturability and/or function. And since 
the purpose of theAfPD77P20 is to run any program that 
may be programmed in the masked ROM//PD7720A, it 
is important to know how to determine the step level, 
and the differences between them. 

Date Code 

The markings on the /.(PD77P20 package consist of 
three lines, as follows: 



NEC JAPAN 

D77P20D 
nnnnXnnnn 



Manufacturer 
Part number 
Date code 



The letter in the middle (e.g. 'X') of the date code 
identifies the step level of the part. Parts marked with 
step level K, E, or P should not be used for final system 
test by customers who are planning to submit code for 
the masked ROM //PD7720A. 

On all other ajPD77P20 stepping versions, a slight 
functional change was made, and the change is 
incorporated in the /uPD7720A. The change allows the 
serial clock (SCK) to run asynchronously with CLK. 
Specified versions of //PD77P20 (i.e. K, E, P) and all 
Evakit-7720s and Evakit-7720Bs (Evaluation Systems 
for/uPD7720A//iPD77P20) require that SCK runsynchro- 
nously with CLK. 

Because this functional change results in a slight 
change in internal serial timing, it is mandatory that 
code to be submitted for /uPD7720A be verified in 
customer's system using versions of )uPD77P20 other 
than those listed above (i.e. K, E, & P). 
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Pin 1 Connection 

The K mask version requires tliat tiie programming 
voltage Vpp be supplied in a different manner than for 
all later versions, as shown in Figure 22. A silicon 
junction diode of 0.6 V forward voltage (Vp) should be 
used. R should be 800 to 1 .8K fi to satisfy the Vpp and 
Ipp requirements. 

In all mask versions other than 
connected directly to Vqc- 



K, pin 1 must be 



Figure 22. Vpp Circuitry for K Masii Version 




Vpp = Vcc - (0.6 ± 0.25)V 
Ipp Min = 0.5mA 
Max = 3.5mA 



//PD7720A and //PD77P20 Development 
Tools 

For software development, assembly into object code, 
and debugging, an absolute assembler and simulator 
are available. The ASM77 Absolute Assembler and 
SIM77 Simulator for analyzing development code and 
I/O timing characteristics are available for systems 
supporting CP/M® and CP/M-86® (1), ISIS-II® (2), 
or MS-DOS® (3) operating systems. Additionally, the 
ASM77 Absolute Assembler is offered in Fortran source 
code for mini and main frame computer systems. 

Once software development is complete, the code can 
be completely evaluated and debugged in hardware 
with the Evakit-7720 Evaluation System. The Evakit 
provides true in-circuit real-time emulation of the SPI 
for debugging and demonstrating your final system 
design. Code may be down-loaded to the Evakit from a 
development system via an RS232 port using the EVA 
communications program. This program is available in 
executable form for ISIS-II systems and many CP/M, 
CP/M-86, and MS-DOS systems. The EVA communica- 
tions source code is also available for adapting the 
program to other systems. 

The Evakit also serves to program the /uPD77P20, a 
full-speed EPROM version ofthe SPI. A demonstration 
mask ROM chip, containing some common digital 
filtering routines, including N-stage MR (biquadratic) 
and FIR (transversal filters), is available to test hard- 
ware interfaces to the SPI. 



Further operational details of the SPI can be found in 
the //PD7720A Signal Processing Interface Technical 
Manual. Operation of the SPI development tools is 
described in the Absolute Assembler User Manual, the 
Simulator Operating Manual, and the Evakit-7720 
User's Manual. 
Note: 

(1 ) CP/M and CP/M-86 are registered trademarks of Digital Research 
Corp. 

(2) ISIS-II is a registered trademark of Intel Corp. 

(3) MS-DOS is a registered trademark of Microsoft Corp. 

System Configuration 

Figures 23, 24, 25 and 26 show typical system applica- 
tions for the /UPD7720A and //PD77P20. 

Figure 23. Spectrum Analysis System 
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Figure 24. An Anaiog-to-Analog Digital Processing 
System Using a Single SPI 
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Figure 25. A Signal Processing System Using Cascad- 
ed SPIs & Serial Communication 
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Figure 26. A Signal Processing System Using SPIs as 
a Complex Computer Peripheral 
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//PD77C20 

DIGITAL SIGNAL 

PROCESSOR 



Description 

The/uPD77C20 signal processsing interface (SPI) chip 
Is a CMOS pin-for-pin compatible version of the 
existing //PD7720. This advanced architecture micro- 
computer, optimized for signal processing algorithms, 
Is functionally the same as the NMOS //PD7720, but 
with CMOS technology. Its power requirements are 
typically 80% less than the //PD7720. The //PD77C20 
operates at the same clock rate as the //PD7720 and 
hence will execute any design developed for the NMOS 
version. The low-power feature of a'PD77C20 makes it 
appropriate for portable applications and other designs 
requiring low-power and low heat dissipation. 

Features 

n Low-power CMOS 

— 24 mA typical current use 
D Fast instruction execution 

— 250 ns with 8.196-MHz clock 
D 16-blt data word 

D Multi-operation Instructions for fast program 
execution: multiply, accumulate, move data, adjust 
memory pointers— all In one Instruction cycle 

n Modified Harvard architecture with three separate 
memory areas: 

— Program ROM (512 X 23 bits) 

— Data ROM (510x13 bits) 

— Data RAM (128x16 bits) 

D 16 X 16 multiplier, 31-bit product with every 

Instruction 
D Dual accumulators 
D External maskable Interrupt 
D Four-level stack for subroutines and/or interrupt 
D Multiple I/O capabilities: 

— Serial: 8 or 16 bit 

— Parallel: 8 or 16 bit 

— DMA 

D Compatible with most microprocessors, including: 

— /UPD8080 

— /.<PD8085 

— /VPD8086/88 
— /yPD780(Z80®) 

D Power supply +5 V 

® Z80 is a registered trademark of Zilog, Inc. 



Applications 

D Portable telecommunications equipment 

D Digital filtering 

D High-speed data modems 

D Fast Fourier transforms (FFT) 

D Speech synthesis and analysis 

D Dual-tone multlfrequency (DTMF) 

transmitters/receivers 
D Equalizers 
D Adaptive control 
D Numerical processing 

Performance Benchmarics 

D Second-order digital filter (biquad): 2.25 /uS 
D Sin/cos of angles: 5.25 //s 
D yu/A law to linear conversion: 0.50 fjs 
D FFT, 32-point complex: 0.7 ms 
— 64-point complex: 1.6 ms 



Ordering information 




Part Number 


Max Frequency 
Package Type of Operation 


Normal 

Temperature 

Range 


//PD77C20D 


28-Pin ceramic DIP 8.196 IVIHz 


-10to70°C 


A(PD77C20L 


44-Pin PLCC 8.196 MHz 


-10 to 70 "C 



Pin Configuration 

28-Pin Ceramic DIP 
















NCC 


1 


\^ 


28 


3 Vcc 


DACKC 


2 




27 


J Ao 




DRQC 


3 




26 


3 cs 




PoC 


4 




25 


3 RD 




PiC 


5 




24 


H Wr 




DoC 


6 


a 


23 


3 SORQ 




DlC 


7 





22 


3 so 




D2I: 


8 


Q 


21 


Dsi 




D3C 


9 


a. 


20 


3 SOEN 




D4C 


10 




19 


3 SIEN 




D5C 


11 




18 


3 SCK 




Dec 


12 




17 


3 INT 




DiC 


13 




16 


J RST 




GNDC 


14 




15 


3 CLK 


83-003766A 
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Pin Configuration (cont) 



44-Pin PLCC 



Pin Identification 





U 

Z 

L J 


"lur 
1 1 

L J 


a 

g 

1 1 

L J 


u 

g 

TUT 

LJ 


1 1 

LJ 


1 

"Tur 

L J 


TUT 
1 I 
L J 


o 

z 

TUT 
I 1 
LJ 


5 

TUT 
1 1 

L J 


TUT 

1 1 
LJ 


u 

z 






■M" 
1 1 

U J 


,'> 








4 






1 


44 








40 






NC 

Pi 












o 












r -> 
I — V 


NO 
RD 


Do 


51] 




















37 


1 — \ 


WR 


NC 


j:]!" 






















r -» 


SORQ 


D1 


r.] 






















1 — * 


SO 


D2 


51] 








//PD77C20L 








34 


Lie 


NC 


D3 


J I] 13 






















r -J 


SI 


°* 1 


JI] 






















r-i 


NC 


NC 


j:: 




















3 


[::i 


SOEN 


Ds 


j:]i6 






















r -» 


SIEN 


NC 


51] 


19 






22 






25 






28 


r -J" 


NC 




n 

1 1 1 

U 

z 


r T 
1 1 

jn. 

s 


r T 
1 1 
JnL 

r«. 
Q 


r T 
1 1 

a 


n 

1 1 

JPt 

o 
z 
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n 
1 1 

Jnu 


r T 
1 1 
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r 1 
1 1 

JnL 

,E 


r 1 
1 1 
JPL 


r n 
1 1 


r 1 
1 1 
JnL 


_y 
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Symbol 


Function 


NC 


No connection 


DACK 


DMA request acknowledge input 


DRQ 


DMA request output 


Po. Pi 


General purpose output control lines 


D0-D7 


Three-state I/O data bus 


GND 


Ground 


CLK 


Single-phase master clock input 


RST 


Reset input 


INT 


Interrupt input 


SCK 


Serial data I/O clock input 


SIEN 


Serial input enable input 


SOEN 


Serial output enable input 


SI 


Serial data input 


SO 


Three-state serial data output 


SORQ 


Serial data output request 


WR 


Write control signal input 


RD 


Read control signal input 


CS 


Chip select input 


Ao 


Status/data register select input 


Vcc 


4-5 V power supply 
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ADVANCED 

SIGNAL PROCESSOR 



Description 

The A<PD77230 Advanced Signal Processor (ASP) is 
tine iiigh-end member of a new third-generation family 
of 32-bit digital signal processors. This CMOS chip 
implements 32-bit full floating-point arithmetic, and is 
intended for digital signal processing and other ap- 
plications requiring high speed and high precision. 

All instructions execute in one instruction cycle. The 
/7PD77230 executes a 32-bit by 32-bit floating point 
multiply with 55-bit product, sum of products, data 
move, and multiple data pointer manipulations— all in 
one 150-ns instruction cycle. 

Features 

D Fast instruction cycle: 150 ns using 13.3-MHz clock 
D All instructions execute in one cycle 
D 32- X 32-bit floating point arithmetic 
D Large on-chip memory (32-bit words) 

— 1 K data RAM (two 512-word blocks) 

— IK data coefficient ROM 

— 2K instruction ROM 

D 8K- X 32-bit external memory; 4K may be instruction 

memory 
n 1.5-//m CMOS technology 
D 32-bit internal bus 
D 55-bit ALU bus 
D Dedicated internal buses for RAM, multiplier, and 

ALU 
D Eight accumulators/working registers (55 bits) 
D 47-bit bidirectional barrel shifter 
D Two independent data RAM pointers 
n Modulo 2n incrementing for circular RAM buffers 
D Base and index addressing of internal RAM 
D Data ROM capable of 2" incrementing 
D Loop counter for repetitive processing 
D Eight-level stack accessible to internal bus 
D Two interrupts: maskable and nonmaskable (NMI) 
D Serial I/O (5 MHz) 
D Master/slave mode operation 
D Three-stage instruction pipeline 
D Single +5-volt power supply 
D Approximately 1.2 watts 



Ordering Information 




Part Number 


Package Type 


//PD77230R 


68-pin PGA 



Applications 

D General-purpose digital filtering (FIR, IIR, FFT) 

D High-speed data modems 

D Adaptive equalization (CCITT) 

D Echo cancelling 

D High-speed controls 

D Image processing 

D Graphic transformations 

D Instrumentation electronics 

D Numerical processing 

D Speech processing 

D Sonar/radar signal processing 

D Waveform generation 

Floating-Point Performance Benchmarks 



Second-order digital filter (biquad) 


0.9 /US 


32-tap finite Impulse response 


filter 


5.25 /uS 


Fast Fourier transform (FFT) 
32-polnt complex (radix 2) 




0.15 ms 


512-polnt complex FFT 




4.7 ms 


1024-point complex FFT 




10.75 ms 


Square root 




6.0 //s 




Pin Configuration 

68-Pin PGA 





Top View 
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Pin 


Identification** 








No. 


Master 


*Slave 


No. 


Master 


*Slave 


1 Do 


35 


02 




2 


Ai 




36 


Dl 




3 


A3 




37 


Ao 




4 


As 




38 


A2 




5 


Ae 




39 


A4 




6 


As 




40 


Vdd 




7 


Aio 




41 


A7 




8 


Ax 




42 


Ag 




9 


WR 




43 


A11 




10 


RD 




44 


GND 




11 


SORQ 




45 


SO 




12 


SOCK 




46 


SICK 




13 


SOEN 




47 


SIEN 




14 


INT 




48 


NC (No connection) 


15 


INTM 




49 


RESET 




16 


M/S 




50 


SI 




17 


CLKOUT 




51 


X2 




18 


XI 




52 


Vdd 




19 


D31 


P3 


53 


D30 


P2 


20 


D29 


PI 


54 


D28 


PO 


21 


D27 


RQM 


55 


D26 


CS 


22 


D25 


HWR 


56 


GND 




23 


D24 


HRD 


57 


D23 


I/O15 


24 


D22 


I/O14 


58 


D21 


I/O13 


25 


D20 


I/O12 


59 


Dl9 


I/O11 


26 


D18 


I/O10 


60 


Vdd 




27 


Dl7 


I/O9 


61 


D15 


I/O7 


28 


D16 


l/Og 


62 


Dl3 


I/O5 


29 


Di4 


1/06 


63 


D11 


I/O3 


30 


D12 


I/O4 


64 


Dg 


I/O1 


31 


D10 


I/O2 


65 


D7 




32 


Ds 


I/Oq 


66 


D5 




33 


De 




67 


D3 




34 


D4 




68 


GND 





Pin Function Sumniary 



Symbol 


I/O 


Function 


A0-A11 





Address bus to external memory 


Ax 





Highest bit of memory address 


CLKOUT 





Internal system clocl< 


CS 


1 


Chip select 


D0-D7 


I/O* 


Data bus for access to external memory in slave 
mode. 


D0-D31 


I/O* 


Data bus for access to external memory (data or 
instruction) in master mode. 


GND 




Ground (Connect ground to all GND pins.) 


HRD 


1 


Host CPU read 


HWR 


1 


Host CPU write 


I/O0-I/O15 


I/O* 


Port to host CPU data bus 


iW 


1 


Nonmaskable interrupt 


INTM 


1 


Maskable interrupt 


M/S 


1 


Operation mode select 


PO, PI 


1 


General-purpose input port 


P2, P3 





General-purpose output port 


RD 





Controls data read from external memory 


RESET 


1 


System reset 


RQM 





Data read/write request 


SI 


1 


Serial input data 


SICK 


I/O 


Clock for serial input data 


SIEN 


1 


Serial input data enable 


SO 


0* 


Serial output data 


SOCK 


I/O 


Clock for serial output data 


SOEN 


1 


Serial output data enable 


SORQ 





Serial output request 


Vdd 




-l-5-volt power (Connect -1-5 V to all Vdd pins.) 


WR 





Controls data write to external memory 


XI, X2 


1 


External clock (XI) or crystal (XI , X2) 



These pins have a high-impedance inactive state. 



If slave-mode pin identification is not specified, it is the same as 
master-mode. 
•*Pin numbers are preliminary and may change. 
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Pin Functions 

Paragraphs below supplement the brief descriptions in 
the preceding table. Pin symbols are in alphabetical 
order within several master and slave mode categories. 

Master and Slave Modes 

CLKOUT [System Clock]. Outputs internal system 
clock. Output signal frequency is half the oscillation 
frequency of crystal connected across X1 and X2 pins. 

INT [Nonmaskable Interrupt]. Inputs nonmaskable 
interrupt signal, which is active-low and must be at least 
three system clock pulses wide. Interrupt signal is 
detected at falling edge. Interrupt address is 10H. 



INTM [Maskable Interrupt]. Inputs maskable interrupt 
signal, which is active-low and must be at least three 
system clock pulses wide. Interrupt signal is detected 
at falling edge. Interrupt address is 100H. 

M/S [Mode Select]. Selects operation mode. Operation 
mode must not be switched during operation, however. 
Master = 0; slave =1. 



RESET [System Reset]. Inputs internal system reset 
signal, which is active-low and must be at least three 
system clock pulses wide. 

SI [Serial Input Data]. Inputs serial data synchronized 
with falling edge of SICK. 

SICK [Serial Input Clock]. Inputs or outputs clock for 
serial input data. Serial data is internally latched at the 
falling edge of the clock that is input to or output from 
this pin. Whether the clock is to be input from an 
external source or the internal clock is to be output is 
determined by the status register setting. 



SIEN [Serial Input Enable]. Enables SI pin to input 
serial data. This pin is active-low. 

SO [Serial Output Data]. Outputs serial data synch- 
ronized with rising edge of SOCK pin. 

SOCK [Serial Output Clock]. Inputs or outputs clock 
for serial output data. The serial output data is synch- 
ronized with the clock that is input to or output from 
this pin. Whether the clock is to be input from an 
external source or the internal clock is to be output is 
determined by the status register setting. 



SOEN [Serial Output Enable]. Enables SO pin to 
output serial data. This pin is active-low. 

SORQ [Serial Output Request]. Outputs serial output 
request signal, which is active-high. When data is ready 
in the serial output register, this signal becomes 1. It 
will become after data has been output. 



X1, X2 [External Clock]. Connection to external oscil- 
lator crystal (X1, X2) or external clock (XI). 

Master Mode, External Memory Interface 

Ao-A-ci [Address Bus]. Address bus for access to 
external memory. When accessing external instruction 
memory, the lower 12 bits of the program counter are 
output to these pins. When accessing external data 
memory, the lower 12 bits of the external address 
register are output to these pins. 

Ax [Highest Address Bit]. Outputs the highest bit of 
the memory address. When accessing external in- 
struction memory, the highest bit of the program 
counter (PC12) is output to this pin. When accessing 
external data memory, the highest bit of the external 
address register is output to this pin. High-speed 
memory area = 0; low-speed memory area = 1. 

D0-D31 [Data Bus]. These pins form a 32-bit data bus 
for external memory (data or instruction). 

RD [Data Read]. Controls data read from external 
memory. This signal becomes after the output address 
is valid, and data is input at the rising edge to the data 
port formed by pins Dq to D3-1. 

WR [Data Write]. Controls data write to external 
memory. This signal becomes after the output address 
is valid and data is output to the data port formed by 
pins Do to D31. 

Slave Mode, External Memory Interface 

Aq-A-h [Address Bus]. Address bus for accessing 
external memory. When accessing external data mem- 
ory, the lower 12 bits of the external address register 
are output to these pins. 

Ax [Highest Address Bit]. When accessing external 
data memory, the highest bit of the external address 
register is output to this pin. High-speed memory area 
= 0; low-speed memory area = 1 . 

D0-D7 [Data Bus]. These pins form an eight-bit data 
bus for external data memory access. Data may be 
transferred in one of four formats (1-, 2-, 3-, or 4-byte 
words), depending on the status register setting. 

RD [Data Read]. Controls data read from external 
memory. This signal becomes Oafterthe output address 
is valid, and data is input at the rising edge to the data 
port formed by pins Do to D7. 

WR [Data Write]. Controls data write to external 
memory. This signal becomes after the output address 
is valid and data is output to the data port formed by 
pins Do to D7. 
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Slave Mode, Host CPU Interface 

CS [Chip Select]. Active-low chip select input signal. 
When this pin becomes 0, the host CPU may perform 
read/write operations on the 16-bit port formed by pins 
l/Oo through l/0t5. 

HRD [Host CPU Read]. Active-low host read input 
signal. In conjunction with CS, this signal allows the 
host CPU to read data from the DPS register via the 
16-bit port formed by pins I/Oq to I/O15. 

HWR [Host CPU Write]. Active-low host write input 
signal. In conjunction with CS, this signal allows the 
host CPU to write data into the DPS register via the 
16-bit port formed by pins I/Oq to I/O15. 

i/0o-l/0i5 [Data Port]. These pins form an I/O port to 
the host CPU bidirectional data bus. It is used for input 
to or output from the DRA regist er un der control of 
host CPU signals CS, HWR, and HRD. Data transfer 
format can be specified in the status register as either a 
16-bit or a 32-bit transfer. 

ROM [Read/Write Request]. Requests host CPU to 
read or write data via the host CPU data bus. 

Slave Mode, I/O Port 

PO, P1 [Input Port]. These pins form a general-purpose 
input port. Status of either of these pins may be tested 
by a conditional branch instruction. 

P2, P3 [Output Port]. These pins form a general- 
purpose output port. Data output by these pins can be 
set directly by an instruction and will be retained until 
explicitly changed. 

Functional Description 

Figure 1 is the functional block diagram of the 
//PD77230 in its master mode configuration. The main 
internal bus (32 bits) ties together all the functional 
blocl<s of the //PD77230, including the ALU area. The 
55-bit processing unit (PU) bus linl<s the ALU input 
to tiie 55-bit multiplier output register and the eight 
55-bit worl<ing registers. Thus, the full 55 bits of 
precision can be maintained during extensive cal- 
culations. 

In addition to the main bus and the PU bus, there is a 
sub-bus linl<ing each of the two RAM areas to both the 
ALU input and the multiplier input registers. This 
allows simultaneous loading of the multiplier input 
registers in parallel with ALU operations and in parallel 
with data transfer operations, which make use of the 
main bus. There isasub-bus connecting the ALU input 
to the 55-bit multiplier output and another sub-bus that 
can route the working registers' contents back to the 
ALU input. 



Architecture 

TheyuPD77230 has a Harvard-type architecture, with 
separate memory areas for program storage and data 
storage as well as separate, multiple buses. A multiple- 
stage instruction execution pipelining scheme per- 
forms instruction fetch and execution in parallel. All 
instructions are executed in a single cycle, even if the 
instruction is stored in the external instruction memory 
expansion area. 

Instruction Memory 

The /.<PD77230 has an internal instruction ROM that 
holds 2K 32-bit instruction words. An additional 4K 
word external memory expansion is also available. A 
13-bit program counter (PC) contains the current 
instruction address; the most significant bit of the PC 
determines whether on-chip or external instructions 
are to be fetched. An eight-level stack holds subroutine 
and interrupt return addresses, and it is accessible 
to/from the main internal bus. 

Data Memory 

The data ROM area on the /uPD77230 holds 1 K 32-bit 
words. The ROM pointer (RP) contains the current 
ROM address, which can also be specified within an 
instruction field. The ROM pointer has auto-increment 
and auto-decrement features and an add 2" to the RP 
option. 

There are two separate and independently add ressable 
data RAM areas, each 512 words by 32 bits. Each RAM 
area can be addressed by a base register, an index 
register, or the sum of the two. The base register and/or 
the index register may be incremented, decremented, 
or cleared. In addition, the base pointer can operate in 
a modulo count mode, and the index register contents 
may be replaced by the sum of the index and base 
registers. 

Data memory may be expanded by the addition of 8K 
words of external memory. External data memory is 
divided into a high-speed half, which is accessed in a 
single instruction cycle, and a low-speed half, which is 
accessed in three instruction cycles. Both high-speed 
and low-speed memory accesses occur in parallel with 
normal program execution. 

Multiplier and ALU 

The floating-point multiplier has two 32-bit input 
registers, called the K and L registers, which are 
accessible both to and from the main bus. The multiplier 
produces the 55-bit product of the K and L register 
contents automatically in a single instruction cycle 
(there is no multiply instruction). The 55-bit result is 
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stored in the M register in 8-bit exponent, 47-bit 
mantissa format. The contents of the M register can be 
transferred to the main bus (32 bits) or to the ALU via 
the processing unit bus (55 bits). The multiplier con- 
sists of a 24- by 24-bit fixed-point multiplier and an 
exponent adder, so that it can also be used for fixed- 
point multiplications. 

The 55-bit floating-point ALU is capable of a full set of 
arithmetic and logical operations (see Instruction Set 
section). There is a 47-bit bidirectional barrel shifter, 
which can perform general-purpose shifting in addition 
to the mantissa alignments required for floating-point 
arithmetic. A separate exponent ALU (EALU) deter- 
mines shift values in floating-point work. The ALU 
status is reflected in one of two identical processor 
status words (PSW) that contain carry, zero, sign, and 
overflow flags. The results of the ALU operation are 
stored in one of eight 55-bit accumulators or"working 
registers." 

There are two 55-bit input registers to the ALU called 
the P register and the Q register. The Q register input is 
selected from one of the eight working registers, while 
the P register input is selected from among the 32-bit 
main bus, data RAM 0, data RAM 1, and the 55-bit M 
register. 

A loop counter is included in the design of the 
//PD77230. This loop counter is a 10-bit register, 
attached to the main bus, which can be decremented 
by a control bit built into an ordinary ALU instruction. 
When the loop counter is decremented to zero, the 
instruction following the one that decremented it will 
be skipped. 

System Control 

The master system clock may be provided to the 
A/PD77230 via either an external crystal or an already 
available clock signal. The internal clock of the 
//PD77230 contains two phases, and is obtained by 
dividing the master clock frequency by 2. If desired, the 
serial input and output clocks can be derived from the 
master clock by dividing it by 8. 

Both a maskable and nonmaskable interrupt are avail- 
able in the/uPD77230. The maskable interrupt can be 
"memorized,"sothat if an interrupt occurswhile it is in 
the interrupt disabled condition, then it may be acted 
upon (or disregarded) at a later time. The status of the 
interrupts and other aspects of the //PD77230 are 
determined by or reflected in the 20-bit status register. 



Serial I/O 

The serial input and output circuitry in the/uPD77230 is 
designed for easy interfacing to codecs and other 
/yPD77230s.The input and output circuits are independ- 
ently clocked by either an internal clock or an external 
clock up to 5 MHz. The length of the serial input and 
output data words can be independently programmed 
to be 8, 16, 24, or 32 bits. 

The parallel I/O capabilities in the//PD77230 can be 
used for external instruction and data memory ex- 
pansion and for interaction with a host processor. The 
difference between master mode and slave mode 
operation must be defined to further discuss the nature 
of the parallel interface in the /yPD77230. 

Master/Slave Modes 

The master mode parallel interface is shown in figure 1 . 
In this mode, the //PD77230 is intended to act as a 
standalone processor with the parallel interface allow- 
ing access to external memory, memory-mapped I/O 
devices, and/or a system-level bus. Master mode 
operation allows for external instruction memory ex- 
pansion and external data memory expansion. There is 
an 8K external memory space. The lower 4K can be 
shared between instructions and data, while the upper 
4K can be used for data only. 

The slave mode parallel interface is shown in figure 2. 
In this mode, the/[/PD77230 is a "peripheral" to a host 
processor. The full 8K external memory space is 
available for data memory expansion, but instruction 
memory expansion is not allowed in slave mode. The 
8-bit external data bus is used to assemble words in the 
data register (DR), which can be 8, 16, 24 or 32 bits 
wide. Communication with the host occurs across the 
16-bit host data bus. Word lengths of 16 or 32 bits can 
be transferred between the /uPD77230 and the host. 
Four pins can be used in slave mode as general- 
purpose I/O ports: two input pins and two output pins. 

Figure 3 shows the functional pin groups in master 
mode and slave mode. 
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Figure 1. Master Mode Block Diagram 
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Figure 2. Slave Mode Block Diagram 
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Figure 3. Functional Pin Groups 
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Instruction Set 

All //PD77230 instructions consist of a single 32-bit 
word. Figure 4 shows the bit format for the three basic 
types of instructions. 

OP Type Instruction 

This is an ALU operation instruction where 26 different 
operations may be specified in the upper five bits 
(figure 4). Pointer modifications may be specified in 
the CNT field. Transfers may also be specified within 
an OP instruction by use of the SRC and DST fields. 
When all fields are specified in an OP instruction, 
several different tasks are performed at once. The high 
five bits make up the OP field, summarized in table 1. 

Table 2 summarizes the effect on bits in the PSW 
resulting from ALU operations. 

Control Field [CNT] 

This 12-bit field contains specifications for control 
modes and pointer modifications. Figure 5 summarizes 
the bit field format, table 3 summarizes the function of 
CNT field groups, and table 4 summarizes the function 
of each mnemonic within the 23 groups. 

P Field 

The two-bit P field specifies the sou rce of input to the P 
register, which is used as an input to the ALU for 
operations requiring two operands. See table 5. 



Figure 


4. Instruction Type Formats 
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Table 1. 


OP Field Specifications 


Mnemonic 


OP Field (31-27) 


Operation 


NOP 


00000 




No operation 


INC 


00001 




Increment 


DEC 


00010 




Decrement 


ABS 


00011 




Absolute value 


NOT 


00100 




Not-one's complement 


NEG 


00101 




Negate-two's complement 


SHLC 


00110 




Sliift left with carry 


SHRC 


00111 




Stiift riglit witti carry 


ROL 


01000 




Rotate left 


ROR 


01001 




Rotate rigiit 


SHLM 


01010 




Shift left multiple 


SHRM 


01011 




Shift right multiple 


SHRAM 


01100 




Shift right arithmetic multiple 


CLR 


01101 




Clear 


NORM 


01110 




Normalize 


CVT 


01111 




Convert floating point format 


ADD 


10000 




Fixed-point add 


SUB 


10001 




Fixed-point subtract 


ADDC 


10010 




Fixed-point add with carry 


SUBC 


10011 




Fixed-point subtract with borrow 


CMP 


10100 




Compare (floating point) 


AND 


10101 




Logical AND 


OR 


10110 




Logical OR 


XOR 


10111 




Logical exclusive OR 


ADDF 


11000 




Floating-point add 


SUBF 


11001 




Floating-point subtract 


Table 2. 


Effects of ALU Operations on PSW Flags 


ALU 






Contents of PSW 


Operation 


OVFE 


C Z S OVFIVI 


NOP 




* 


* * * * 


INC 




* 


$ $ $ $ 


DEC 




* 


$ $ $ $ 


ABS 




* 


$ $ $4- 


NOT 




* 


$ $ 


NEG 




* 


Ip tp Ip s>~r 


SHLC 




* 


$ $ $ 


SHRC 




* 


$ $ $ 


ROL 




* 


* $ 


ROR 




* 


* $ 


SHLM 




* 


$ $ 


SHRM 




* 


$ $ 



Table 2. Effects of ALU Operations on PSW 
Flags (cont) 



ALU 






Contents of PSW 






Operation 


OVFE 


c 


Z 


S 


OVFM 


SHRAM 


* 





$ 


$ 





CLR 








1 








NORM (NORM.) 


$ 





$ 


$ 





(ROUNDING) 


$ 


$ 


$ 


$ 


$ 


(FLT-FIX) 


* 





$ 


$ 


$ 


(FIX M.A.) 


* 





$ 


$ 


$ 


CVT 


X 





$ 


$ 





ADD 


* 


$ 


$ 


$ 


$ 


SUB 


*, 


$ 


$ 


$ 


$ 


ADDC 


* 


$ 


$ 


$ 


$ 


SUBC 


* 


$ 


$ 


$ 


$ 


CMP 


$ 


$ 


$ 


$ 


$ 


AND 


* 





$ 


$ 





OR 


* 





$ 


$ 





XOR 


* 





$ 


$ 





ADDF 


$ 


$ 


$ 


$ 


$ 


SUBF 


$ 


$ 


$ 


$ 


$ 




$ Flag will be affected by result of operation. 

Flag will be reset to 0. 

1 Flag will be reset to 1 . 

Previous condition of flag will be preserved. 

+ If the original data in the mantissa was 80 — OH, OVFM = 1 after 
operation. 

Figure 5. Control Field Bit Format 





1 


31 , 


27 26 15 14 


, 






ISi 


CNT [12] 


c 




/" ^V 




26 


25 


24 23 


22 21 ' 


20 19 1 18 


17 16 1 15 








MO 


Ml 


DPO 


DPI 





1 








EA 


DPO 


DPI 




1 





1 


RP 


MO 


DPO 


FC 




1 


1 





RP 


Ml 


DPI 


FC 




1 


1 


1 


RP 


MO 


M1 L 


FC 
















BASO 


BAS1 


FC 













1 


RPC 1 




FC 










1 





P3 1 P2 


EM 


BM 




FC 









1 


1 


RW 










FC 















WT 








FC 












1 


NF 


Wl 




FC 









1 





FIS 


FD 













1 


1 ^ 


SHV 1 




1 




BPS 




1 




NAL 
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Table 3. 


Control Field Function Summary 




Group 


Field Function 


Effective 


Interrupt 


EM, BM Enable and disable masl<able 
interrupt, and controlinterrupt 
memorization. 


" 


PSW 


FIS PSW control (select and clear) 


* 




FC Select otiier PSW 


* 



Table 4. Control Field Mnemonic Summary 



Data ROM 
pointer 



RP 



Controls ROM pointer operation 



RPC 



Specifies n value for special 
manipulation of ROM pointer 



RPS 



Specifies 9 lower bits of data 
ROM address 



Data RAMO 
and RAMI 
pointers 



MO 



Specifies RAMO addressing mode — 



Ml 



Specifies RAMI addressing mode -* 



DPO 



Controls modification of base 
pointer and index register 



DP1 



Controls modification of base 
pointer 1 and index register 1 



BASED Specifies counter length of 

modulo count operation of base 
pointer 

BASE1 Specifies counter length of 

modulo count operation of base 
pointer 1 



Data format 
conversion 



FD 



Controls conversion mode for 
floating point CVT. 



Wl Controls transfer format when 

working register is specified in 
DST field. 

WT Controls transfer format when 

worl<ing register is specified in 
SRC field. 



Normalization NF 
specification 



Specifies normalization, 
normalization with rounding, 
floating-point to fixed-point 
conversion, or digit alignment. 



Shift SHV 

specification 



Controls amount of shift for 
47-bit mantissa 



Data memory RW 
access 



Specifies read/write 
operation for external memory. 





EA 


Increments or decrements 
external address register 


* 


General- 


P2 


Controls state of P2 pin 


— 


purpose 
output port 


P3 


Controls state of P3 pin 


^ 


Loop counter 


L 


Decrements loop counter 


- 


Jump 


NAL 


Specifies unconditional local 
jump address 





Effective starting 
Effective starting 



with current Instruction, 
with next instruction. 



Operation 


Mnemonic 


Code 


EM, BM Field (19-17) 


Masl<able interrupt 


EM BM 




No operation 


(NOP) (NOP) 


000 


Clear booking flag 


(NOP) CLRBM 


001 


Set booking flag 


(NOP) SETBM 


010 


Interrupt disabled 


Dl (NOP) 


oil 


Interrupt enabled 


El (NOP) 


100 


Interrupt enabled and clear booking flag El CLRM 


101 


Interrupt enabled and set booking flag 


El SETBM 


110 


Use prohibited 


- - 


111 


* Default: interrupt disabled and clear booking flag. 

* Writing (NOP) is not necessary, just useful for remembering the 
available combinations and their effects. 


FIS Field (21-19) 


Flag initialize and select 


No operation 


(NOP) 


000 


Specify PSW for operation (default) 


SPCPSWO 


001 


Specify PSW 1 for operation 


SPCPSW1 


010 


Clear PSW 


CLRPSWO 


100 


Clear PSW 1 


CLRPSW1 


101 


Clear PSW and PSW 1 


CLRPSW 


110 


FCBit(15) 


Flag change operation 


No operation 


(NOP) 





Exchange PSW for operation 


XCHPSW 


1 


RP Field (22, 21) 


ROM pointer modification 


No operation 


(NOP) 


00 


Increment ROM pointer 


INCRP 


01 


Decrement ROM pointer 


DECRP 


10 


Increment specified bit of ROM pointer 
(that is, add 2^) 


INCBRP 


11 


RPC Field (21-18) 


Specify N for adding 2^ to ROM pointer 
*imm (=n) is through 9 


BiTRP imm 


(imm)B 


RPS Field (23-15) 


Specify immediate ROM address 
*0<imm<511 


SPCRA imm 


(imm)B 
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Table 4. Control Field Mnemonic Summary (cont) 



Operation 


Mnemonic 


Code 


MO Field 


Specify RAIVI pointer 


No ctiange in specification 


(NON) 


00 


Base pointer 


SPCBPO 


01 


Index register 


SPCIXO 


10 


Base pointer + index register 
(default) 


SPCBIO 


11 


Ml Field 


Specify RAM pointer 


No change in specification 


(NON) 


00 


Base pointer 1 


SPCBP1 


01 


Index register 1 


SPCIX1 


10 


Base pointer 1 + index register 1 
(default) 


SPCBI1 


11 


DPO Field 


Pointer modification operation 


No operation 


(NOP) 


000 


Increment base pointer 


INCBPO 


001 


Decrement base pointer 


DECBPO 


010 


Clear base pointer 


CLRBPO 


oil 


Store base + index to index register 


STIXO 


100 


Increment index register 


INCIXO 


101 


Decrement index register 


DECIXO 


110 


Clear index register 


CLRIXO 


111 


DP1 Field 


Pointer modification operation 


No operation 


(NOP) 


000 


Increment base pointer 1 


INCBP1 


001 


Decrement base pointer 1 


DECBP1 


010 


Clear base pointer 1 


CLRBP1 


oil 


Store base + index to index register 1 


STIX1 


100 


Increment index register 1 


INCIX1 


101 


Decrement index register 1 


DECIX1 


110 


Clear index register 1 


CLRIX1 


111 


BASEO Field (21-19) 


Specify modulo count number (2^) for MCNBPO imm 
incrementing base pointer 

*imm (=n) is 1 througti 7; specifies ordinary count 


(imm)B 


BASE1 Field (18-16) 


Specify modulo count number (2N) for MCNBP1 imm 
incrementing base pointer 1 

*imm (=n) is 1 through 7; specifies ordinary count 


(imm)B 



Operation 


Mnemonic 


Code 


FD Field 


Data conversion format specification 


No change of specification 


(NON) 


00 


Conversion of ASP format to IEEE 
format (default) 


SPIE 


01 


Conversion of IEEE format to ASP 
format 


lESP 


10 


Use prohibited 




11 


Wl Field (18, 17) 


Specification of transfer format when data 
is moved from IB to WR 


No change of specification 


(N0t\l) 


00 


Transfer low 24 bits of mantissa to high BWRL24 
24 bits 


01 


Ordinary transfer (default) 


BWRORD 


10 


Use prohibited 




11 


WT Field (21-19) 


Specification of transfer format when data 
is moved from WR to IB 


No change of specification 


(NON) 


000 


Ordinary transfer (default) 


WRBORD 


001 


Low 24 bits of mantissa to high 24 


WRBL24 


010 


Low 23 bits (bit 23 = 0) to high 24 


WRBL23 


oil 


Exponent part to mantissa low 8 bits 


WRBEL8 


100 


Mantissa low 8 bits to exponent part 


WRBL8E 


101 


Exchange high 8 bits of mantissa with 
low 8 bits of mantissa 


WRBXCH 


110 


Bit reverse entire mantissa 


WRBBRV 


111 


NF Field (21-19) 


Normalization format specification 


No change of specification 


(NON) 


000 


Truncating normalization (default) 


TRNORM 


010 


Rounding normalization 


RDNORM 


100 


Convert floating to fixed point 


FLTFIX 


110 


Fixed point multiple alignment 
(multiple value is in SVR) 


FIXMA 


111 


SHV Field (21-15) 


Set shift value to SVR 


imm bits left shift (default) 


SETSVL imm 


0(imm)B 


imm bits right shift 


SETSVR imm 


1 (imm)B 


*0<imm<46 



E 
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Table 4. Control Field Mnemonic Summary (cont) 



Operation 


Mnemonic 


Code 


RW Field (21, 20) 


Operation for external data memory 


No operation 


(NOP) 


00 


Read 


RD 


01 


Write 


WR 


10 


Use protiibited 




11 


EA Field (22, 21) 


Operation for external address register 


No operation 


(NOP) 


00 


Increment external address register 


INCAR 


01 


Decrement external address register 


DECAR 


10 


Use prohibited 




11 


P2 Bit (20) 


P2 pin control (slave mode only) 


Clear output port pin 2 


CLRP2 





Set output port pin 2 


SETP2 


1 


P3Blt(21) 


P3 pin control (slave mode only) 


Clear output port pin 3 


CLRP3 





Set output port pin 3 


SETP3 


1 


L Bit (16) 


Loop counter operation 


No operation 


(NOP) 





Decrement loop counter 


DECLC 


1 


NAL Bit (23-15) 


Local brancii; jump to imm address in 
local blocl< 

*0 < imm < 511 


JBLKimm 


(imm)B 


Tables. P Field Specifications 


Mnemonic P Field (14, 13) Input of P Register 


IB 00 Internal bus 


M 01 Multiplier output register 


RAMO 10 RAIVI block 


RAMI 11 RAM block 1 



Table 6. 


Q Field Specifications 


Mnemonic 


Q Field (12-10) 


Register 


WRO 


000 


Working register 


WR1 


001 


Working register 1 


WR2 


010 


Working register 2 


WR3 


oil 


Working register 3 


WR4 


100 


Working register4 


WR5 


101 


Working register 5 


WR6 


110 


Working register 6 


WR7 


111 


Working register 7 



Q Field 

The three-bit Q field specifies the source of input to the 
Q register, which is the other of two ALU input 
registers. See table 6. 



Source Field 

Table 7 lists 32 source registers that may be specified 
in the source field. 

Destination Field 

Table 8 lists 32 destinations that may be specified in the 
DST field. Note that the LKRO and KLR1 specifications 
will simultaneously load, as destinations, both the K 
and L registers. 

Brancii Instruction 

The branch instruction type is used for a jump, condi- 
tional jump, call, or return. The format of the branch 
instruction is shown in figure 4. The destination address 
of the branch is contained in the 13-bit NA field. Note 
that the most significant bit of the NA field is used to 
determinewhetherthedestination address is in internal 
or external instruction memory. The five-bit C field 
summarized in table 9 determines the nature of the 
branch. 

Note also that an SRC and DST may be included as part 
of the branch instruction. This data transfer will take 
place regardless of any condition upon which a jump 
may be dependent. 

LDI Instruction 

Figure 4 shows the format of the LDI instruction type. 
The 24-bit IM (immediate) field contains the data that 
will be loaded into the register specified by the DST 
field. It is also possible to load a 32-bit floating-point 
number using this instruction in conjunction with the 
TRE destination field specification. 
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Table 7. SRC Field Specifications 



Table 8. DST Field Specifications 



Mnemonic 


SRC Field (9-5) 


Selected Source Register 


NON 


00000 


No source selected 


RP 


00001 


ROM pointer 


PSWO 


00010 


Program status word 


PSW1 


00011 


Program status word 1 


SVR 


00100 


SVR (shift value register) 


SR 


00101 


Status register 


LC 


00110 


Loop counter 


STK 


00111 


Top of stack 


M 


01000 


M register (multiplier output) 


ML 


01001 


Low 24 bits of M register 


ROM 


01010 


Data ROM output 


TR 


01011 


Temporary register 


AR 


01100 


External address register 


SI 


01101 


Serial input register 


DR 


01110 


Data register 


DRS 


01111 


Data register for slave 


WRO 


10000 


Working register 


WR1 


10001 


Working register 1 


WR2 


10010 


Working register 2 


WR3 


10011 


Working register 3 


WR4 


10100 


Working register 4 


WR5 


10101 


Working register 5 


WR6 


10110 


Working register 6 


WR7 


10111 


Working register 7 


RAMO 


11000 


RAM block 


RAMI 


11001 


RAM block 1 


BPO 


11010 


Base pointer 


BP1 


11011 


Base pointer 1 


1X0 


11100 


Index register 


1X1 


11101 


Index register 1 


K 


11110 


K register 


L 


11111 


L register 



Mnemonic 


DST Field (4-0) 


Selected Destination Register 


NON 


00000 


No destination selected 


RP 


00001 


ROM pointer 


PSWO 


00010 


Program status word 


PSW1 


00011 


Program status word 1 


SVR 


00100 


SVR (shift value register) 


SR 


00101 


Status register 


LC 


00110 


Loop counter 


STK 


00111 


Top of stack 


LKRO 


01000 


L register (RAM to K register) 


KLR1 


01001 


K register (RAM 1 to L register) 


TRE 


01010 


Exponent part of temporary register 


TR 


01011 


Temporary register 


AR 


01100 


External address register 


SO 


01101 


Serial output register 


DR 


01110 


Data register 


DRS 


01111 


Data register for slave 


WRO 


10000 


Working register 


WR1 


10001 


Working register 1 


WR2 


10010 


Working register 2 


WR3 


10011 


Working register 3 


WR4 


10100 


Working register 4 


WR5 


10101 


Working registers 


WR6 


10110 


Working register 6 


WR7 


10111 


Working register 7 


RAMO 


11000 


RAM block 


RAMI 


11001 


RAM block 1 


BPO 


11010 


Base pointer 


BP1 


11011 


Base pointer 1 


1X0 


11100 


Index register 


1X1 


11101 


Index register 1 


K 


11110 


K register 


L 


11111 


L register 



E 
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Table 9. 


Branch Condition Summary (C Field) 


Mnemonic 


C Field (14-10) 


Jump witli Condition 


JMP 


00000 


Jump unconditionally 


CALL 


00001 


Subroutine call 


RET 


00010 


Return from interrupt or subroutine 


JNZRP 


00011 


Jump if ROM pointer not zero 


JZO 


00100 


Jump if zero flag is set 


JNZO 


00101 


Jump if zero flag is reset 


JZ1 


00110 


Jump if zero flag 1 is set 


JNZ1 


00111 


Jump if zero flag 1 is reset 


JCO 


01000 


Jump if carry flag is set 


JNCO 


01001 


Jump if carry flag is reset 


JC1 


01010 


Jump if carry flag 1 is set 


JNC1 


01011 


Jump if carry flag 1 is reset 


JSO 


01100 


Jump if sign flag is set 


JNSO 


01101 


Jump if sign flag is reset 


JS1 


01110 


Jump if sign flag 1 is set 


JNS1 


01111 


Jump if sign flag 1 is reset 


JVO 


10000 


Jump if overflow flag is set 


JNVO 


10001 


Jump if overflow flag is reset 


JV1 


10010 


Jump if overflow flag 1 is set 


JNV1 


10011 


Jump if overflow flag 1 is reset 


JEVO 


10100 


Jump if exponent overflow flag is set 


JEV1 


10101 


Jump if exponent overflow flag 1 is set 


JNFSI 


10110 


Jump if SI register is not full 


JNESO 


10111 


Jump if SO register is not empty 


JIPO 


11000 


Jump if input port is on 


JIP1 


11001 


Jump if input port 1 is on 


JNZIXO 


11010 


Jump if index register nonzero 


JNZIX1 


11011 


Jump if index register 1 nonzero 


JNZBPO 


11100 


Jump if base pointer nonzero 


JNZBP1 


11101 


Jump if base pointer 1 nonzero 


JRDY 


11110 


Jump if ready is on 


JROM 


11111 


Jump if request for master is on 



Figure 6. Stand-Alone nPD77230 with Codec 



System Configurations 

The//PD77230 may be configured in a variety of ways, 
from simple systems to complex. Figure 6 is the 
simplest example showing the //PD77230 as a stand- 
alone processor performing a preset filtering function. 
The only other devices needed are A/D and D/A 
converters, which can be a single-chip combo device 
as shown in the figure plus necessary clock and timing 
circuitry. Figure 7 shows the same stand-alone opera- 
tion with external memory and memory-mapped I/O to 
implement various control functions along with pro- 
cessing the signal itself. 
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Figure 7. Stand-Alone /jPD77230 with Codec, External 
Memory, and I/O 
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Figure 8 shows a//PD77230 in a slave mode as a periph- 
eral to a host processor. Note that in slave mode, the 
y[/PD77230 can still be the "master" of its local bus with 
the four general purpose I/O pins available for use. 

Figure 9 shows how to cascade multiple /uPD77230s to 
increase system throughput. The cascading is done by 
using only the serial ports so that the //PD77230s 
themselves can be in any mode of operation desired. 
For example, they may all be in master mode, they may 
all be slaves to the same host processor, they may all be 
slaves to different hosts, or one may be the master with 
the others as slaves to it. 

Figure 10 shows an arbitrarily large system with cas- 
cading master mode and slave mode //PD77230s. In 
this example, the master yuPD77230 might do little 
actual signal processing. Instead, it will be an overall 
system controllergathering information from inputs in 
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the I/O block, from the slave //PD77230 I/O ports, and 
from its own processing of the signal. It will then 
control the other//PD77230s and the system outputs of 
the I/O block. 

Support Tools 

The //PD77230 has a wide variety of development and 
software support tools. Both absolute and relocatable 
assemblers, with powerful pre-assembler options, are 
available. In addition, a software simulator and in- 
circuit emulator will aid the designer in performance 
evaluation and hardware integration. The software 
tools options are as follows: 

• Assembler: CP/M-86, VAX VMS, VAX UNIX 

• Simulator: VAX VMS, VAX UNIX 

Figure 8. Slave /jiPD77230 as Peripheral to Host 
Processor 



Figure 9. fjPD77230s Cascaded Through Serial I/O 
Ports 
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Figure 10. Large System with Many Options 
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^PD7730 

ADPCM SPEECH 

ENCODER I DECODER 



Description 

The juPD7730 speech encoder/decoder (SED) is a 
dedicated processor that encodes pulse coded 
modulation (PCM) data into adaptive differential pulse 
coded modulation (ADPCM) data, and decodes 
ADPCM data into PCM data. By using the ADPCM 
coding technique, the ijPD7730 effectively reduces the 
bandwidth of a speech signal to less than half that 
of the conventional PCM method without sacrificing 
speech quality. 

The fiPD7730 accepts PCM data through its serial in- 
terface. The serial interface can be connected directly 
to a single-chip coder/decoder (CODEC) for digital 
^-law PCM I/O or to a general purpose A/D-D/A con- 
verter for linear PCM code. The fiPD7730 interfaces 
to the host CPU through a standard microprocessor 
bus interface. The pjPD7730 acts as a complex 
peripheral device and is controlled and programmed 
from the host processor. ADPCM data is transferred 
between the mPD7730 and the host processor through 
the parallel bus. 

The jiPD7730 encodes/decodes toll quality speech at 
32 kbps. It integrates NEC's speech coding expertise 
with a high-performance signal processor. It is ideal 
for office automation applications, such as voice 
store and forward systems, and for various telecom- 
munication applications. It reduces voice transmis- 
sion bandwidth and voice storage requirements by 
half (from 64 kbps to 32 kbps). 

Features 

D Toll quality speech at 32 kbps (meets CCITT 

recommendation G.712) 
D Program selectable bit rate: 32 kbps or 24 kbps 
D Program selectable PCM data format: pt-law or 

linear 
D Standard microprocessor interface to the host 

CPU 
D Direct serial interface to a CODEC 
D Speech detection interface capability 
D NMOS technology 
D Single -t- 5 V power supply 



Pin Configuration 



NCC 


1 V 


J 28 


:]Voo 




PUC 


2 


27 


DA„ 




ICC 


3 


26 


3CS 




DRQC 


4 


25 


H RD 




DETC 


5 


24 


D Wr 




DoC 


6 


S 23 


DSORQ 




DiC 


7 


S 22 


ISO 




O2Z 


8 


\ 21 


3 SI 




D3I: 


9 


20 


DSOEN 




D4C 


10 


19 


DsilN 




DsC 


11 


18 


DSCK 




Dei: 


12 


17 


DSMPL 




D7I: 


13 


16 


3RST 




GND C 


14 


15 D CLK 
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Pin identification 




No. 


Symbol 


Function 


1 


NC 


No connection 


2 


PU 


Pull up to Vdd 


3 


IC 


Internal connection 


4 


DRQ 


Data request output 


5 


DET 


Signal detect output 


6-13 


D0-D7 


I/O data bus 


14 


GND 


Ground 


15 


CLK 


Clock input 


16 


RST 


Reset input 


17 


SMPL 


Sample Input 


18 


SCK 


Serial clock input 


19 


SIEN 


Inputs serial input enable 


20 


SOEN 


Inputs serial output enable 


21 


SI 


Serial input 


22 


SO 


Serial output 


23 


SORQ 


Serial output request 


24 


WR 


Write signal input 


25 


RD 


Read signal input 


26 


CS 


Chip select input 


27 


Ao 


Register select input 


28 


Vdd 


Power supply 




Ordering information 




Part Package 
Number Type 


Max Frequency 
of Operation 


//PD7730C 28-pin plastic DIP 


8.192 
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Pin Functions 

D0-D7 (Data Bus) 

Three-state I/O lines that interface with the host CPU 
data bus. 

CS (Chip Select) 

This input enables the RD and WR signals. 

Ao (Register Select) 

This input selects the jiPD7730 internal registers. A 
high input selects the status register. A low input 
selects the data register. 

DRQ (Data Request) 

This output requests data transfer between the 
jiPD7730 and host CPU. In encoder mode, an ADPCIVI 
data read is requested. In decoder mode, an ADPCM 
data write is requested. (DRQ will not work unless en- 
coder or decoder mode is specified.) The data request 
status can also be checked by polling the ROM bit 
of the status register. 

DET (Signal Detect) 

This output is asserted when the input audio signal 
level exceeds the threshold level specified. 

WR (Write Signal) 

This input controls data transfer from the host CPU 
to the MPD7730. 

RD (Read Signal) 

This input controls data transfer from the jiPD7730 to 
the host CPU. 

SMPL (Sample) 

This input determines the rate at which the )iPD7730 
processes ADPCIVI data. This rate must equal the 
sampling clock of the A/D-D/A converter. SMPL must 
be active for the jiPD7730 to recognize an operation 
command. 

SCK (Serial Clock) 

This input provides timing for transfer of serial data 
to/from the A/D-D/A converter. 



SI (Serial Input) 

Serial data input. 



SIEN (Serial Input Enable) 

This input enables d ata t ransfer on the SI pin. If not 
used, tie to SOEN. SIEN must be asserted for the 
/nPD7730 to recognize an operation command. 

SO (Serial Output) 

Serial data output. 

SORQ (Serial Output Request) 

This output indicates that serial request output data 
is ready for transfer at the SO pin. 



SOEN (Serial Output Enable) 

This input e nable s data transfer on the SO pin. If not 
used, tie to SIEN. 

CLK (Clock) 

8.192 MHz TTL clock input. 

RST (Reset) 

A high input to this pin initializes the /iPD7730. 

Vdd 

-1-5 V power supply. 

PU (Pull up) 

Pull this pin up to Vdd- 

GND (Ground) 

Connection to ground. 

IC (Internal Connection) 

This pin is connected internally and should be left 
open. 

NC (No Connection) 

This pin is not connected. 
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Block Diagram 



Figure 1. Algorithm Block Diagram 



PCM/ADPCM 
Encoder/ 
Decoder 




Data 
Register 



Status 
Register 



Functional Description 

The fiPD7730 has the following functional units: 

• A/D-D/A interface 

• PCM/ADPCM encoder/decoder 

• Controller 

• Data register 

• Status register 

• Host CPU interface 

The ADPCM method is a medium bandwidth coding 
technique that represents speech waveforms. The 
specific ADPCM used employs a robust adaptation 
scheme for a quantizer and predictor^ to withstand 
transmission bit errors. Figure 1 shows the block 
diagram of the algorithm. The algorithm uses a 
backward adaptive quantizer and a fixed predictor so 
it never generates unstable poles in a decoder 
transfer function. This approach guarantees the 
stability of the decoder even with transmission errors. 

The mPD7730 can operate in either encoder or decoder 
mode, and can only be set to one of the two modes 
at a time; it cannot handle simultaneous encoding 
and decoding. In encoder mode, the fiPD7730 accepts 
either linear or ji-law PCM data from its serial voice 
interface, encodes it to ADPCM data format, and 
passes the ADPCM data through the parallel data bus 
to the host system. In decoder mode, the ^PD7730 
receives ADPCM data from the host CPU, decodes it 
to either linear or /i-law format, and sends it to the out- 
put port of the serial interface. 



Input 
(PCM) 

x(t) ^ 



Output Input 
(ADPCM) ,__, e(t)^ 



[ap] y 





Encoder Mode 



Decoder Mode 



AQ: Adaptive Quantizer 
AO ' : Adaptive Inverse Quantizer 
FP: Fixed Predictor 
AP: Adaptive Predictor 



The fiPD7730 has serial interfaces that can connect 
directly to a single-chip PCM CODEC. It interfaces 
easily to a host CPU through its parallel bus. With its 
standard microprocessor bus interface, the ^PD7730 
can be viewed as a complex peripheral circuit. Figure 
2 shows a typical system configuration. 

Operational Description 

Power-on and Reset 

The ^tPD7730 operates on a single-phase, 50-50 duty 
cycle clock at 8 MHz. At power-on, asserting the RST 
pin for at least 3 clock cycles initializes the device, 
making it ready for an operation command from the 
host CPU. After the ^PD7730 receives the command, 
it stays in the specified operational mode until the 
next hardware reset (high level on RST). Thus, to 
change the /iPD7730 into different modes, reset it 
before writing an operation command. 

Host CPU Interface 

In order to transfer ADPCM data, commands, and 
status, the juPD7730 interfaces with the host CPU via 
D0-D7. Further communication is through con trol 
lines CS, Ao, WR, and RD. CS enables RD and WR. Aq 
selects either the data or status register. A low input 
to Aq selects the data register. This read/write 
register handles both commands and ADPCM data 
transfer. A high input to Aq selects the status 
register, a read-only register that the CPU reads to 
determine the state of the f^PD7730. 
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Figure 2. Typical System Configuration 



70108, BOBS, 7800, 8085A 
CPU'S 



Memory 



IZ 



iZ 



TT 



Sampling Clock ■ 



Analog Input ■ 



Analog Output •*- 



PCM 
CODEC 



5S 



Parallel I/O Operation 

Table 1 shows the status of the CS, Aq, WR, and RD 
pins during parallei i/0 operation. 

Status Register 

Figure 3 shows the format of the status register. 

Operation Command 

Foiiowing a power-on reset, the host CPU poiis the 
RQIVI bit in the status register. When the ROM bit is 
set, the host CPU can send an operation command 
to the data register, as shown in figure 4. 



Table 1. 


Control Line states 


CS Aq 


WR 


RD 


Function 


1 X 
X X 


X 

1 


X 

1 


No effects on internal operation. 
Dq-D; are high impedance. 








1 


Data from Dq-D? is latched to the 
data register. 





1 





Contents of the data register are out- 
put to D0-D7. 


1 





1 


. Illegal operation. 


1 


^ 





Contents of the status register are 
output to D0-D7. 



Note: 

X = don't care 
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Figure 3. Status Register Format 
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6 5 4 3 2 1 








49-000690B 


msb|rqiu| |det|drs| |drc|sol|sil 


LSB 


















SIL (Serial Input 
Data Length) 





PCM input data Is 16-bit (linear) 




1 


PCM input data Is 8-bit (Haw) 


SOL (Serial Output 
Data Ungth) 





PCM output data is 1&-bit (linear) 






1 


PCM output data is 8-bit (Haw) 




®DCR(Data 
Register Control) 





Second byte transferred 






1 


First byte transferred 




DRS (Data 
Register Status) 





Data register is 16-bit (for threshold data) 






1 


Data register is 8-blt (for all other data) 




DET (Speech 
Detect) 





Silence interval 






1 


Speech detected 




ROM (Request 
for Master) 





No request for data transfer 




1 


Data transfer on the parallel bus requested 


Note: ® DPS indicates the status of data transfers when tlie Data register is configured as 16-bit (DRC = 0). 



Figure 4. Operation Command 



MSB LSB 
1 D7 1 D6 1 D5 1 1 1 1 1 

1 1 
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D7 


D6 


D5 


Mode 


PCM data 
format 


ADPCMdata 
length/sample (bits) 




1 


1 


1 




Haw 8-bit 

CODEC 

(MSBflrst) 


4 


1 





1 


3 


1 


1 







16-blt 
A/I>D/A 

(LSB first) 


4 


1 








3 





1 


1 




Haw 8-bit 

CODEC 

(MSBflrst) 


4 








1 


3 





1 







Linear 
A/D-D/A 
(LSB first) 


4 











3 











Threshold Data 

If the operation command places the /^PD7730 in en- 
coder mode, the next two bytes sent to the data 
register are the threshold data. The RQM bit 
establishes the data transfer signaling. In decoder 
mode, no threshold data is expected. The threshold 
data sets the level of the audio signal at which the 
DET pin is asserted. Figure 5 shows the format for the 
threshold data. 

The )L(PD7730 asserts DET when the serial input audio 
signal exceeds the threshold level specified by the 
threshold data. Many silent segments exist in normal 
speech signals; memory storage can be used more 
efficiently if these segments are omitted. The host 



Figure 5. Threshoid Data 



Threshold Data 



MSB 












LSB 





D14 


D13 




D2 


D1 


DO 



Note: The |iPD7730 receives the lower 8 bits of this data 
before it receives the higher 8 bits. 



CPU can perform silent segment compression by us- 
ing DET. The energy levels of 16 previous audio 
samples determine the state of DET. Thus DET 
changes at a 2 ms (16 x 8 kHz sampling) time frame. 
Bit 5 of the status register reflects the state of DET. 
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ADPCM Data 

In encoder mode, the juPD7730 generates one ADPCM 
sample (3 or 4 bits long) for each PCM sample input 
(8 or 16 bits long). In decoder mode, the reverse opera- 
tion is performed: the )nPD7730 generates one PCM 
sample for each ADPCM sample input. To allow effi- 
cient data transfer to and from the host CPU, two 
ADPCM samples are packed into one byte and 
transferred at the rate of 1 byte per every 2 samples. 
Figure 6 illustrates the ADPCM data formats for 3 
bits/sample and 4 bits/samples. 

The DRQ pin initiates ADPCM data transfer. In en- 
coder mode, this pin is asserted when ADPCM data 
in the data register is ready to be read by the CPU. 
This pin is cleared after the host CPU reads the data, 
and Is reasserted when the next byte of ADPCM data 
becomes available. In decoder mode, this pin serves 
as the data request to the host for the next byte of 
ADPCM data to be sent to the data register. After the 
host CPU writes the ADPCM data, this pin is cleared. 
The host CPU cannot send another byte to the 
jiPD7730 until this pin is set again. (Note that the DRQ 
pin will not work until the /iPD7730 is placed in en- 
coder or decoder mode.) 

An alternate way to establish the ADPCM data 
transfer handshake is to poll the ROM bit in the status 
register. The RQM bit is set when transfer to the host 
is requested for ADPCM data, and in using the opera- 
tion command. When the host read/write is complete, 
RQM is reset. 



Serial PCM Interface 

The serial PCM interface can be connect ed dir ectly 
to a CODEC. SMPL, SCK, SIEN, SI, SORQ, SOEN, and 
SO control the PCM interface. 

SMPL is the sampling clock input. This signal must 
equal the frequency of the sampling clock of the 
CODEC or the A/D-D/A interface. SMPL is asserted 
after the completion of serial data transfers. Thus 
SMPL signals the jiPD7730 firmware to initiate pro- 
cessing of the next byte of ADPCM data. SMPL is 
rising-edge triggered, but must be held high for at 
least 8 clock cycles. Since it is edge-triggered, SMPL 
does not need to be released until the next sampling 
cycle. 

SCK determines the timing of the serial input and out- 
put. When the /^PD7730 has data to send to the serial 
interface, SORQ goes high. The data is then clocked 
out to the SO pin serially at the falling edge of SCK, 
to be valid for the next rising edge. When serial data 
is ready to be sent to the jiPD7730, SIEN is asserted 
externally, and data at the SI pin is clocked in at the 
rising edge of SCK. 

Figure 7 illustrates an example of the serial interface 
using a combined filter and CODEC (COMBO) chip, 
the p<PD9516. This chip provides both the low pass 
filtering function and the conversion from an analog 
signal to digital PCM pt-law representation. The timing 
controller provides the proper timing relationship 
between the COMBO and the \xPDnZQ. 



Figure 6. ADPCM Data Format 



AOPCM data length = 4 bits 








MSB 


LSB 






D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 






II 




Trailing Data 


Preceding Data 


ADPCM data length = 3 bits 








MSB 


LSB 


. 




D7 


D6 


D5 





D3 


D2 


D1 









II 




Trailing Data 


1 

Preceding Data 
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Figure 7. Serial Interface Using a COMBO 



Clock 
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L. 
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r 



Timing Controller 



o- 



r-Cx- 



Analog 
Input 

© ^^/V- 



0- 
Analog 
Output 



GSx 
AIN- 
PWRO + 

DGND 
AGND 



Filter/ 
CODEC 



COMBO 
liPD9516 



Vss DCLKr 



1 



p 



CLK SCK SMPL SOEN SIEN 



HPD7730 
SED 



RST CS D0-D7 



RD WR 



"1 



Microprocessor Bus 



E 



Absolute Maximum Ratings' 

Ta = 25°C 



Capacitance 

Ta = 25°C, Vdd = V 



Supply voltage, Vqd 


-0.5 V to +7.0 V 


Input voltage, V| 


-0.5 V to +7.0 V 


Output voltage, Vq 


-0.5 V to +7.0 V 


Operating temperature 


-10°Cto+70°C 


Storage temperature 


-65°Cto +150°C 



'Comment: Exposing the device to stresses above those listed In 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 







Limits 


Unit 


Test 


Parameter Symbol 


MIn 


Typ Max 


Conditions 


CLK, SCK C<}> 
capacitance 




20 


PF 




Input capacitance C| 




10 


PF 


fc = 1 MHz 


Output capacitance Cq 




20 


pF 
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DC Characteristics 



AC Characteristics (cent) 



Ta = - 10°C to 


+ 70°C; 


Vdd = +5V ± 5% 






Symbol 


Limits 




Unit 


Test 


Parameter 


MIn Typ 


Max 


Conditions 


Input voltage low 


V|L 


-0.5 


0.8 


V 




Input voltage high 


V|H 


2.0 


Vcc 

+ 0.5 


V 




GLK input 
voltage low 


V^L 


-0.5 


0.45 


V 




GLK input 
voltage high 


V^H 


3.5 


Vcc 

+ 0.5 


V 




Output voltage low 


Vol 




0.45 


V 


lOL = 2.0 mA 


Output voltage 
high 


VOH 


2.4 




V 


lOH = -400 

mA 


Input leakage 
current low 


Ilil 




-10 


mA 


V| = OV 


Input leakage 
current high 


ILIM 




10 


mA 


V| = Vdd 


Output leakage 
current low 


Ilol 




-10 


mA 


Vq = 0.47 V 


Output leakage 
current high 


Iloh 




10 


mA 


Vo = VbD 


Supply current 


'dd 


180 


280 


mA 




AC Characteristics 

Ta = - 10°C to + 70°C; Vpo = 5 V 


±5% 








Symbol 


Limits 




Unit 


Test 


Parameter 


MIn Typ 


Max 


Conditions 


CLK cycle time 


■t-CY 


122 


2000 


ns 




CLK pulse width 


•^D 


60 




ns 




CLK rise time 


4r 




10 


ns 


(1) 


CLK fall time 


+f 




10 


ns 


(1) 


Aq, CS set time 
for RD 


tAR 







ns 




Aq, CS hold time 
forRD 


tRA 







ns 




RD pulse width 


tRR 


250 > 




ns 




Aq, GS set time 
forWR 


tAW 


■^'0 ,::., 




ns 




Aq, CS hold time 
forWR 


tWA 







ns 




WR pulse width 


tww 


250 




ns 




Data set time 
forWR 


tow 


150 




ns 




Data hold time 
for WR 


two 







ns 




RD, WR recover- 
ing time 


tRV 


250 




ns 




SCK cycle time 


tSCY 


480 


DC 


ns 




SCK pulse time 


tSCK 


230 




ns 




SCK rise time 


trSC 




20 


ns 




SCK fall time 


tfSC 




20 


ns 





Ta = -10°Cto 


+ 70''C; 


Vdd 


= 5V ±5% 








lymboi 




Limits 


Unit 


Test 


Parameter S 


Min 


Typ Max 


Conditions 


SOEN set time 
for SCK 


tsoc 


50 


tsCY 
-30 


ns 




SOEN hold time 
for SCK 


tcso 


30 


tsCY 
-50 


ns 




SIEN, SI set time 
for SCK 


toe 


55 


tsCY 
-30 


ns 




SIEN, SI hold 
time for SCK 


tCD 


30 


tsCY 
-55 


ns 




SIEN, SOEN pulse 
width high 


tHS 


122 


kY 






RST pulse width 


tpST 


4 


"t-CY 






SMPL pulse width 


tSMPL 


8 


"t-CY 






Delay time 
between SIVIPL 
and SIEN (SOEN) 


tox 


-1 


1 


IXS 




Data access time 
forRD 


tRD 




150 


ns 


Cl = 100 pF 


Data float time 
forRD 


tOF 


10 


100 


ns 


Cl = 100 pF 


SORQ delay 


tORQ 


30 


150 


ns 


Cl = 50 pF 


SO delay time 


toCK 




150 


ns 




SO delay time 
for SORQ 


toZRQ 


20 


300 


ns 




SO delay time 
for SCK 


Tdzsc 


20 


300 


ns 




SO delay time 
for SOEN 


toZE 


20 


180 


ns 




SO float time 
for SOEN 


tHZE 


20 


200 


ns 




SO float time 
for SCK 


tRZSC 


20 


300 


ns 




SO float time 
for SORQ 


tHZRQ 


70 


300 


ns 





Note: 

(1) AC timing measuring point voltage = 1.0 V and 3.0 V 
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Timing Waveforms 

Clock 
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Read Operation 
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Write Operation 
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AC Waveform Measurement Points (except CLK) 

V|L = Vol = 0.8 V; V,h = Vqh = 2.0 V 



3 ( ~X 
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Timing Waveforms (cont) 

Serial Input/Output Timing 



Use tfsc 



/ 



tOCK 

•dzrq 



'■ — ex 



X 



t-tsCK »|« tSCK— ► 



unLjr~v^v-j^^^ 
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.^^ 



VALID 

-rff 



•— iHZE 
tDZSC ' 



/ 



^. 



^. 



tHZRO 



'h — 



tcD 



zr^c 



Note: In SO, the data output at the rising edge is valid, while data output at other times 
Is Invalid. Therefore, the most critical data set-up and hold times are: 

Set-up time = tscK — toCK 
Hold time = tHZRQ 
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Serial Output Timing 
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//PD7 755/56 
ADPCM SPEECH 
SYNTHESIZERS 



Description 

The//PD7755 and /^PD7756 are speech synthesis LSI 
devices that utilize the adaptive differential pulse 
coded modulation (ADPCM) coding method to produce 
high-quality, natural speech synthesis. By combining 
phoneme classification with the ADPCM method, the 
device achieves a compressed bit rate that can 
synthesize sound effects and melodies in addition to 
speech sound. A built-in speech data ROM allows 
synthesis of messages up to 12 seconds (juPD7755) or 
30 seconds GuPD7756) long. A wide range of operating 
voltages, a compact package, and a standby function 
permit application of the /iPD7755/56 in a variety of 
speech synthesis systems, including battery-driven 
systems. 

Features 

D High quality speech synthesis using ADPCM method 
D Low bit rates (8K to 32K bps) realized by combined 

use of ADPCM and phoneme methods 
n D/A converter with 9-bit resolution, unipolar current 

waveform output 
D Built-in speech data ROM, 

— /UPD7755: 96K bits 

— //PD7756:256Kbits 
D Standby function 
D Current consumption in standby mode: 1 //A typ 

(Vdd = 3 V) 
D Circuit to eliminate popcorn noise when entering or 

releasing standby mode 
D Wide operating voltage range: 2.7 to 5.5 V 
D CMOS technology 
D 18-pin plastic DIP 



Pin Configuration 



Ordering Information 




Part Number Package Type ROM Capacity 


Max Frequency 
of Operation 


A/PD7755C 18-Pln plastic DIP 96K bits 


650 kHz 


A(PD7756C 18-Pin plastic DIP 256K bits 


650 kHz 



I4C 
I5C 

16 C 

REF C 

AVO C 

BUSY C 

RESET C 

GND C 



I3 

::io 

DST 
3 cs 

nxi 

DX2 

D Vdd 



Pin Identification 




No. 


Symbol 


Name 


15-18, 1-4 


I0-I7 


Message select code input 


5 


REF 


D/A converter reference current input 


6 


AVO 


Analog voice output 


7 


BUSY 


Busy output 


8 


RESET 


Reset input 


9 


GND 


Ground 


10 


Vdd 


Power 


11,12 


X2,X1 


Clock 


13 


CS 


Chip select input 


14 


ST 


Start input 




Pin Functions 

io-ly [Message Select Code] 

I0-I7 input the message number of the message to be 
synthesized. The inputs are latched at the rising edge 
of the ST input. Unused pins should be grounded. In 
standby mode, these pins should be set high or low. If 
they are biased at or near typical CMOS switch input, 
they will drain excessycurrent. 

CS [Chip Select] 

When the CS input goes low, ST is enabled. 

ST [Start] 

Setting the ST input low while CS is low will start 
speech synthesis of the message in the speech ROM 
locations addressed by the contents of Iq-Iz- If the 
device is in standby mode, standby mode will be 
released. 



5-127 



AfPD7755/56 



NEC 



BUSY [Busy] 



BUSY outputs the status of the//PD7755/56. It goes low 
during speech decode and output ope rations . When 
ST is received, BUSY goes lovy: While BUSY is low, 
anothe r ST will not be accepted. In standby mode, 
BUSY becomes high impedance. This is an active low 
output. 

AVO [Analog Voice Output] 

AVO outputs synthesized speech from the D/A conver- 
ter. This is a unipolar sink-load current. 



RESET [Reset] 



The RESET input initializes the chip. Use RESET 
following power-up t o abort speech synthesis or to 
release standby mode. RESET must remain low at least 
12 oscillator clocks. At pow er-up or when recovering 
from standby mode, RESET must remain low at least 1 2 
more clocks after clock oscillation stabilizes. 



X1,X2 [Clock] 

Pins X1 and X2 should be connected to a 640 kHz 
ceramic oscillator. In standby mode, X1 goes low, and 
X2 goes high. 

REF [D/A Converter Reference Current] 

REF inputs the sink-load current that controls the D/A 
converter output. REF should be connected to Vdd via 
aresistor. In standby mode, REF becomes high impedance. 

GND [Ground] 

Ground. 

Vdd [Power] 

+5 V power supply. 



Block Diagram 
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Operational Description 

The clock pins should be connected to a ceramic 
oscillator at 640 kHz. 



The RESET input pin is used to initialize theAfPD7755/ 
56. To reset, assert the pin for a minimum of 12 oscillator 
clock cycles. 

The /UPD7755/56 can operate with a wide range of 
supply voltages: 2.7 to 5.5 V. It also has a standby 
function; it goes to a standby mode w hen it has been 
idle (that is, when CS, ST, or RESET have not been 
asserted) for more than 3 seconds. The //PD7755/56 
will automatically release from stan dby mo de when CS 
and ST are asserted again, or when RESET is asserted. 

TheyuPD7755/56 has a very simple message selection 
interface. A //PD7755/56 can store a maximum of 256 
different messages and up to 12 (yuPD7755) or 30 
(//PD7756) seconds of speech. The message is select- 
ed by using the input pins Iq-I/. The input selection is 
latched_at the rising edg e of ST when CS is asserted. 
When ST is asserted, BUSY will go low until the 
select ed audio speech output is completed. While 
BUSY is low, a new ST will not be accepted. 

The/uPD7755/56 has an internal D/A converterthat is a 
unipolar, current-output type with 9-bit resolution. The 
output current of the D/A can be controlled by the 
voltage applied at the REF pin. 

Absolute Maximum Ratings 

Ta = 25°C 



Supply voltage, Vqd 


-0.3 to +7.0 V 


Input voltage, V| 


-0.3 to Vdd + 0.3 V 


Output voltage, Vq 


-0.3 to Vdd + 0.3 V 


Operating temperature, Tqpt 


-10 to +70 °C 


Storage temperature, Tstg 


-40to+125°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 

Ta = 25°C 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Typ IMax 


Conditions 


Input pin 
capacitance 


C| 


10 


PF 


fc = 1 MHz 


Output pin 
capacitance 


Co 


20 


PF 







Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage 
high 


V|H 


0.7 
Vdd 




Vdd 


V 


Common to 
I0-I7.ST, 
CS, RESET 


Input voltage 
low 


ViL 







0.3 
Vdd 


V 


Common to 
I0-I7.ST, 
CS, RESET 


Output voltage 
high 


VOH 


Vdd 

-0.5 




Vdd 


V 


BUSY. loH = 
-100M 


Output voltage 
low/ 


Vol 







0.5 


V 


BUSY. loL = 
200 M 



DC Characteristics 

Ta = -10 to +70°C; Vqd = 2.7 to 5.5 V; fosc = 640 l<Hz 

Limits 

Parameter Symbol Min Typ Max 

Input voltage Vih 0.7 Vdd 

high Vdd 

Input voltage Vil 0.3 

low Vdd 

Output voltage Vqh Vdd Vdd 

high -0.5 

Output voltage Vql 0.5 

low 

Input leakage ly ±3 //A Common to 

current Ig^l/, ST, 

CS.O<V|N 
< Vdd (in 
standby mode) 

Output leakage Ilo ±3 //A BUSY.O< 

current VqSVdd 

(in standby mode) 

Supply current Iddi 0.8 2 mA — 

Idd2 1 20 //A Standby mode 

IdD3 250 600 //A 2.7 < Vpo ^ 3.3 

IdD4 1 10 //A 27 < Vdd S 3.3 

in standby mode 

Reference input Irefi 140 250 440 //A Vdd = 2.7, 
high current RpEp^On 

^"^^^^^^ IrEF2 500 760 1200 M Vdd = 5.5, 

______^^__ , Rref = 0" 

Referenceinput Irefs 21 35 37 piA Vdd = 2.7, 
low current Rref = 50 kfi 

^'^^^^^^ Iref4 68 78 88 /jA Vdd -5.5 V, 

Rref = 50 ko 

onverter Iavo 32Iref 34lREF36iREF M 

t 
ltd) 

onverter Ila ±5 //A 

t leakage 

It 

Note: 

(1) See figure 1. 




D/A converter 


JAVO 32IREF 34Iref36Iref M 2.7 < Vdd S 5.5 


output 


Vavo = 2.0, 


current (1) 


D/A input = 




1FFH 


D/A converter 


Ila ±5 M 0<VavoS 


output leakage 


Vdd 


current 
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AC Characteristics 

Ta == -10° to -f70°C; Vqd = 2.7 to 5.5 V; fosc = 640 kHz 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


ST pulse 


tcci 


2 






MS 




width 


tcC2 


"350 






ns 


'4^5<Vdd<5'5 


Data set 


tpwi 


2 






MS 






tOW2 


350 






US 


4.5<Vdd<5.5 


Data hold 
time 


• tWD 









ns 




CS set-up , 
time 


tcs 









ns 




CShold 
time 


tsc 









ns 




CLK 
frequency 


<OSC 


630 


640 


650 


kHz 





BUSY 

output_t[me 
(fromST_ 
and/or CS) 



tsBO 6.25 10 fiS Operation mode 

tsBS 4 80 ms Standby mode, 

including 
oscillation 
start time(1) 



Speech 
output 


tsso 


. 2.1 


2.2 


ms 


Operation mode 
(from BUSY) 


start time 


tsss 


2.1 


2.2 


ms 


Standby mode 


D/A 

converter 

set-uptime 


Ida 


46.5 


47 


ms 


Entering/ 
releasing 
standby mode 


BUSY float 
time 


tBF 




15 


MS 


From end of 
speech output 


Standby 

transition 

time 


tSTB 


2.9 


3 


s 


From end of 
speech output 



Note: 

(1) Ceranfilc resonators: Kyocera Corp. KBR-640B (CI = C2 - 150 
pF). See figure 2. 



AC Waveform Measurement Points 




0.7 Voo 0.7 Vdo 


49-000660A 


Xl> Test Points <=:rX 
0.3 VoD 0.3 Vdo 



Figure 1. Measuring Diagram for if^^f and iAVO 



"00 








"ref < 


r 


REF 


AVO 


_. 




.. ^ 


-1 . 










49-000661 A 



Figure 2. Externai Osciilator 
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Timing Waveforms 

Standby Mode 



.-o; 



y 



\-^r 



HighZ 



X 



■\ 



1FFH- 

AVO 100H- 

0O0H-- 



/ 



Speech 
Output 



HighZ 



Operating Mode (ST Input Pulse Mode) 



cs 

tcs- 




-tow A 


f 








\ 1 








4 


— — 


' — *sc 

1 


ST 


s 


" '- 'J 






t„o — ► 


\ 


— 




valid X 1 




* 'sBO • 


. 








BUSY "^ 


^ 




••'sso* 




*tBF* 


AVO 100H 




Speech Output 






















49-000663A | 



Operating Mode (§T Input Hold Low Mode) 



OS 
ST 



\ 



X 



\ 



\ Speech Output 




tsso 
^Speech Output 
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PRELIMINARY INFORMATION 



//PD7759 

ADPCM SPEECH 

SYNTHESIZER 



Description 

The/uPD7759 is a speech synthesis device that utilizes 
the adaptive differential pulse coded modulation 
(ADPCM) coding method to produce high-quality, 
natural speech synthesis. By combining phoneme 
classification with the ADPCM method, the device 
achieves a compressed bit rate that can synthesize 
sound effects and melodies in addition to speech 
sound. The//PD7759 can directly address up to 1 M bits 
of external data ROM, or the host CPU can control the 
speech data transfer. The//PD7759 is also suitable for 
applications requiring small production quantities, 
long synthesized messages, and for emulating the 
yuPD7755/7756. 

Features 

n High-quality speech synthesis using ADPCM 

method 
D Low bit-rates (8 to 32 kb/s) realized by combined 

use of ADPCM and phoneme methods 
D D/A converter with 9-bit resolution, unipolar 

current waveform output 
D Up to 1 M bits addressing for external data ROM 
D Standby function 
D Circuit to eliminate popcorn noise when entering 

or releasing standby mode 
D Wide operating voltage range: 2.7 to 5.5 V 
D CMOS technology 



Pin Configuration 



Ordering Information 




Part Number Package Type 


Max Frequency 
of Operation 


//PD7759C 40-pin plastic DIP 


650 kHz 



ASDj 
ASDe 
ASO7 

lo 
H 

I2 
'3 

U 
I5 

h 

AiN/WR 
SAA 
DRQ 
ALE 
REF 
AVO 

bDsy 

RESET 
GND 



C 3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 
C 10 

C 11 

C 12 
C 13 
C 14 
C 15 
C 16 
C 17 
C 18 
C 19 
C 20 



40 3 VoD 
39 1 ASD4 
38 J ASD3 
37 J ASD2 
36 3 ASDi 
35 J ASDo 
34 3 A8 
33 D A7 
32 3 Ae 
31 J A5 
30 D A4 
29 3 A3 
28 D A2 
27 3 Ai 

26 :: Ao 

25 3 CS/TEST 
24 3 X2 
23 3 XI 
22 DST 
21 DMD 




Pin identification 



No. 


Symbol 


Function 


35-39 and 1-3 


ASD0-ASD7 


Higher 8 bits of address output/ 
speech data input (multiplexed) 


4-11 


I0-I7 


Specifies message number; input 


12 


AEN/WR 


Address valid output 


13 


SAA 


Directory data output address valid 


14 


DRQ 


Data request output signal 


15 


ALE 


High address latch enable output 
signal 


16 


REF 


Input reference current for DAC 


17 


AVO 


Speech output (analog) 


18 


BUSY 


Chip busy output 


19 


RESET 


Initializes device; Input 


20 


GND 


Ground 


21 


MD 


Mode select input (standalone/slave) 


22 


ST 


Start synthesis strobe; input 


23,24 


XI, X2 


Ceramic resonator clock terminals 


25 


CS 


Chip select input 


26-34 


Ao-As 


Lower 9 bits of address output for 
speech data 


40 


VoD 


Power supply, -f-5 V (typical) 
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Sample Circuit: CPU and tiie ijPD7759 Directiy 
Accessed PROIVI 



c 



Host 
CPU 



i 



LAZ 



CS ASD„- 
RESET ASDr 
MD 
DRQ 

A/PD7759 

BUSY 
WR 



:> 
:> 



iz 



Speech 

Data 

ROM, RAM 



Samp/e Application Circuit for the fjPD7759 



Host 
CPU 



1 



BUSY 

CS 

ST 

I0-I7 



DRQ 

ASDo- 
Ap-AgALE ASDt 



^ 



-I i 



\Z 



H 



Ao— Ag A9— A,, 



PROM °o-D7-( 



o? 
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Section 6 — Intelligent Peripheral Controllers 

Magnetic Media Controiiers 

//PD765A/7265 Single/Double Density Floppy Disk Controllers 6-3 

//PD72065/66 Single/Double Density Floppy Disk Controllers 6-27 

yuPB9201 Floppy Disk Interface 6-55 

yuPD71065/66 Floppy-Disk Interface 6-63 

/yPD7260 Hard and Floppy Disk Controller 6-85 

A/PD7261 A/B Hard-Disk Controllers 6-87 

A(PD9306/A CMOS Hard-Disk Interface 6-121 

/UPD7262 Enhanced Small Device Interface Controller 6-129 

Communications Controiiers 

//PD7201A Multiprotocol Serial Communications Controller 6-131 

yuPD72001 CMOS Multiprotocol Serial Communications Controller 6-149 

/(/PD72105 OMNINET Local Area Network Controller 6-151 

;uPD7210 Intelligent GPIB Controller 6-153 

Graphics Controller 

yuPD7220A High-Performance Graphics Display Controller 6-165 
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SINGLE/DOUBLE DENSITY 

FLOPPY DISK CONTROLLERS 



Description 

The /iPD765A is an LSI floppy disk controller (FDC) chip 
which contains the circuitry and control functions for 
interfacing a processor to 4 floppy disk drives. It is capa- 
ble of either IBM 3740 single density format (FIVI), or IBM 
System 34 double density format (MFM) including 
double-sided recording. The fiPD765A provides control 
signals which simplify the design of an external phase- 
locked loop and write precompensation circuitry. The 
FDC simplifies and handles most of the burdens asso- 
ciated with implementing a floppy disk interface. 

The /iPD7265 is an addition to the FDC family that has 
been designed specifically for the Sony Micro Floppy- 
disk® drive. The fiPD7265 is pin-compatible and electri- 
cally equivalent to the 765A but utilizes the Sony 
recording format. The f^PD7265 can read a diskette that 
has been formatted by the jLiPD765A. 

Each of these devices is also available in a -2 version. 
The -2 versions represent a reduction from 4-micron to 
3-micron design rule. Functionality is the same. Minor 
differences between the two versions are detailed in the 
AC Characteristics table. The -2 versions are only avail- 
able in the plastic package at this time. 

Hand-shaking signals are provided in the /LtPD765A/ 
/^PD7265 which make DMA operation easy to incorpo- 
rate with the aid of an external DMA controller chip, 
such as the p(PD8257. The FDC will operate in either the 
DMA or non-DMA mode. In the non-DMA mode the FDC 
generates interrupts to the processor every time a data 
byte is to be transferred. In the DMA mode, the proces- 
sor need only load the command into the FDC and all 
data transfers occur under control of the FDC and DMA 
controllers. 

There are 15 commands which the ):iPD765A//iPD7265 
will execute. Each of these commands requires multiple 
8-bit bytes to fully specify the operation which the proc- 
essor wishes the FDC to perform. The following com- 
mands are available: 



Read Data 

Read ID 

Specify 

Read Track 

Scan Equal 

Scan High or Equal 

Scan Low or Equal 



Read Deleted Data 

Write Data 

Format Track 

Write Deleted Data 

Seek 

Recalibrate 

Sense Interrupt Status 

Sense Drive Status. 



Features 

Address mark detection circuitry is internal to the FDC 
which simplifies the phase-locked loop and read elec- 
tronics. The track stepping rate, head load time, and 
head unload time are user-programmable. The 
)nPD765A//iPD7265 offers additional features such as 
multi-track and multi-side read and write commands 
and single and double density capabilities. 

D Sony (EMCA)-compatible recording format 
OiPD7265) 

D IBM-compatible format (single and double 
density) (mPD765A) 

D Multi-sector and multi-track transfer capability 

D Drive Up to 4 floppy or micro floppydisk drives 

D Data scan capability — will scan a single sector or 
an entire cylinder comparing byte-for-byte host 
memory and disk data 

D Data transfers in DMA or non-DMA mode 

D Parallel seek operations on up to four drives 

D Compatible with fxPDBOBO/BS, mPD8086/88 and 
)L<PD780 (Z80®) microprocessors 

n Single-phase clock (8 MHz) 

D +5Vonly 

® Z80 is a registered trademark of the Zilog Corporation. 




Pin Configuration 














RESET C 


1 \^ 40 


3Vcc 


RD C 


2 


39 


3 RW/SEEK 


WR C 


3 


38 


3 LCT/DIR 


CSC 


4 


37 


3 fr/sTp 


A„C 


5 


36 


3 HDL 


DBo C 


6 


35 


D RDY 


DB, C 


7 


34 


3 WP/TS 


DB,C 


8 


33 


D FLT/TRo 


DB3C 


9 1 


32 


D PSo 


DB,n 


10 5 


31 


3 PS, 


DBsC 


11 S 


30 


D WDA 


DBeC 


12 g 

3. 


29 


3 USo 


DB^C 


13 


28 


3 US, 


DRQ C 


14 


27 


3 HD 


DACK C 


15 


26 


3 MFM 


TCC 


16 


25 


3 WE 


IDX C 


17 


24 


3 vco 


INT C 


18 


23 


3RD 


CLK C 


19 


22 


3 RDW 


GND C 


20 


21 


D WCK 
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Ordering Information 



Part 
Number 




Max Freq. 
Package Type of Operation 


//PD765AC, A/PDZeSAC-Z 


40-pin plastic DIP 8 MHz 


A(PD7265C,y^PD7265C-2 


40-pin plastic DIP 8 MHz 


Pin Identification 


No. 


Symbol 


Function 


1 


RESET 


Reset input 


2 


RD 


Read control input 


3 


WR 


Write control input 


4 


CS 


Chip select input 


5 


Ao 


Data or status select input 


6-13 


DB0-DB7 


Bidirectional data bus 


14 


DRQ 


DMA requestoutput 


15 


DACK 


DMA acl<nowledge input 


16 


TC 


Terminal count input 


17 


IDX 


Index input 


18 


INT 


Interrupt request output 


19 


CLK 


Clocl< input 


20 


GND 


Ground 


21 


WCK 


Write clock input 


22 


RDW 


Read data window input 


23 


RDD 


Read data input 


24 


VCO 


VCO sync output 


25 


WE 


Write enable output 


26 


MFM 


MFM output 


27 


HD 


Head select output 


28,29 


USq, USi 


FDD unit select output 


30 


WDA 


Write data output 


31,32 


PSo, PSi 


Presiiift output 


33 


FLT/TRo 


Fault/tracl< zero input 


34 


WP/TS 


Write protect /two side 
input 


35 


RDY 


Ready input 


36 


HDL 


Head load output 


37 


FR/STP 


Fault reset /step output 


38 


LCT/DIR 


Low current direction 
output 


39 


RW/SEEK 


; Read /write /seek output 


40 


Vcc 


DC power 



Pin Functions 

RESET (Reset) 

The RESET input places the FDC in the idle state. It re- 
sets the output lines to the FDD to (low). It does not 
affect SRT, HUT, or HLT In the Specify command. If the 
RDY input is held high during reset, the FDC will gener- 
ate an interrupt within 1.024 ms. To clear this interrupt, 
use the Sense Interrupt Status command. 

RD (Read Strobe) 

The RD Input allows the transfer of data from the FDC to 
the data bus when low. Disabled when CS is high. 

WR (Write Strobe) 

The WR input allows the transfer of data tojhe FDC 
from the data bus when low. Disabled when CS is high. 

Ao (Data /Status Select) 

The Ao input selects the data register (Aq = 1) or status 
register (Aq = 0) contents to be sent to the data bus. 

CS (Chip Select) 

The FDC is selected when CS is low, enabling RD, WR, 
and Aq. 

DB0-DB7 (Data Bus) 

DBq-DBj are a bidirectional 8-bit data bus. Disabled 
when CS is high. 

DRQ (DMA Request) 

The FDC asserts the DRQ output high to request a DMA 
transfer. 



DACK (DMA Acknowledge) 



When the DACK input is low, a DMA cycle is active and 
the controller is performing a DMA transfer. 



6-4 



NEC 



A/PD765A/7265 



TC (Terminal Count) 

When the TC input is high, it indicates the termination of 
a DiVIA transfer. It terminates data transfer during Read/ 
Write/Scan commands in DIVIA or interrupt mode. 

I DX (Index) 

The IDX input goes high at the beginning of a disl< track. 

INT (Interrupt) 

The INT output is FDC's interrupt request. 

CLK (Clock) 

CLK is the input for the FDC's single-phase, 8 MHz 
squarewave clock. 

WCK (Write Clock) 

The WCK input sets the data write rate to the FDD. It is 
500 kHzforFM,1 MHz for MFM drives, with a 250 ns 
pulse for both FM and MFM. 

RDW (Read Data Window) 

The RDW input is generated by the phase-locked loop 
(PLL). It is used to sample data from the FDD. 

RDD(Read Data) 

The RDD input is the read data from the FDD, containing 
clock and data bits. 

WDA (Write Data) 

WDA is the serial clock and data output to the FDD. 

WE (Write Enable) 

The WE output enables write data into the FDD. 

VCO(VCOSync) 

The VCO output inhibits the VCO in the PLL when low, 
enables it when high. 

MFM (MFM Mode) 

The MFM output shows the FDD's mode. It is high for 
MFM, low for FM. 

HD (Head Select) 

Head 1 is selected when the HD output is 1 (high), head 
is selected when HD is (low). 

USo,USi (Unit Select 0,1) 

The USq and US-i outputs select the floppy disk drive 
unit. 



PSo, PSi (Preshift 0, 1) 

The PSo and PSi outputs are the write precompensation 
status for MFM mode. They determine early, late, and 
normal times. 

RDY (Ready) 

The RDY input indicates that the FDD is ready to receive 
data. 

HDL (Head Load) 

The HDL output is the command which causes the 
read/write head in the FDD to contact the diskette. 

FLT/TRO (Fault/Track 0) 

In the read/write mode, the FLT input detects FDD fault 
conditions. In the seek mode, TRO detects track 0. 

WP/TS (Write Protect /Two Side) 

In the read /write mode, the WP input senses write pro- 
tected status. In the seek mode, TS senses two-sided 
media. 

FR/STP (Fault Reset/Step) 

In the read/write mode, the FR output resets the fault 
flip-flop in the FDD. In the seek mode, STP outputs step 
pulses to move the head to another cylinder. A fault re- 
set pulse (FR) is issued at the beginning or each Read or 
Write command prior to the HDL signal. 

LCT/DIR (Low Current/ Direction) 

In the read/write mode, the LCT output lowers the write 
current on the inner tracks. In the seek mode, the DIR 
output determines the direction the head will move in 
when it receives a step pulse. 

RW/SEEK (Read/Write/Seek) 

The RW/SEEK output specifies the read/write mode 
when low, and the seek mode when high. 

GND (Ground) 

Ground. 

Vcc(+5V) 

-f-5V power supply. 
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Block Diagram 



A N Data Bus 

\ 1/ Buffer 



» 



DRQ 
DACK 



Read/ 
Write/ 
DMA 
Control 
Logic 



o 



» 



Registers 



Serial 
interface 
Controller 



- WR Clock 
' WR Data 

' WR Enable 
' PreshlftO 

■ Preshift 1 

■ RD Data 

- Read Data Window 
VCOSync 



» 



A — input ■* 
^ — Port „ 



Drive 
interface 
Controiler 



- Ready 
. Write Protect/ 

fteo Side 

- Index 
-Fauit/'n-acIcO 



tt 



.Unit Select 
■ Unit Select 1 

- MFiM Mode 

-RW/Seek 

- Head Load 

- Head Select 

. Low Current/ 

Direction 
' Fault Reset/Step 



Absolute Maximum Ratings 

Ta = 25X 




Power supply voltage, Vcc 


- 0.5 to +7 V 


Input voltage, V| 


-0.5to+7V 


Output voltage, Vq 


-0.5to+7V 


Operating temperature, Tqpt 


-10°Cto+70°C 


Storage temperature, TsTG 


-40°Cto+125°C 


Power dissipation, Pq 


1W 



Comment: Exposing the device to stresses above those listed 
in the Absolute Maximum Ratings could cause permanent 
damage. The device should not be operated under conditions 
outside the limits described In the operational sections of this 
specification. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 



DC Characteristics 

Ta = -10°C to +70 "C, Vcc = +5 V ±5% (a(PD765A/7265A) and Vcc 
= +5V ±10% (/<PD765A-2/7265A-2) 





Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


TVp 


Max 


Conditions 


Input voltage 
low 


V|L 


-0.5 




+0.8 


V 




Input voltage 
high 


V|H 


2.0 




Vcc +0.5 V 




Output voltage 
low 


Vol 






0.45 


V 


IOL=2.0mA 


Output voltage 
high 


VOH 


2.4 




Vcc 


V 


IOH=-200/.iA 


Input voltage 

low(CLK+WR 

clock) 


V|l(*) 


-0.5 




0.65 


V 




Input voltage 
high 

(CLK+WR 
clock) 


V|h(<1>) 


2.4 




Vcc +0.5 V 




Supply current 
(Vcc) 


Ice 






150 


mA 




Input load 
current high 


lUH 






10 


f^A 


V|N = Vcc 


Input load 
current low 


lUL 






-10 


mA 


V,N = OV 


Output leakage 
current high 


Iloh 






10 


hA 


VouT=Vcc 


Output leakage 
current low 


Ilol 






-10 


P.A 


VouT=+0.45V 


Capacitance 

TA = 25°C,fc = 1MHz, 


Vcc = 


QV 










Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


TVp 


Max 


Conditions 


Input clock 
capacitance 


C|n(*) 






20 


PF 


(Notel) 


Input 
capacitance 


C|N 






10 


PF 


(Note 1) 


Output 
capacitance 


COUT 






20 


pF 


(Notel) 



Note: 

(1) All pins except pin under test tied to AC ground 
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AC Characteristics 

Ta = -10°C to +70''C, Vcc = +5 V ±5% OuPD765A/7265A) and Vcc = +5V ±10% OuPD765A-2/7265A-2) 


Limits 


Unit 




76SA, 7265 765A-2, 7265-2 


Test 


Parameter Symboi Min 1Vp(1) iMax Min 1Vp(1) Max 


Conditions 



Clock period 



*CY 



120 


125 


500 


120 


125 


500 


ns 


(Note 4) 




125 






125 




ns 


8" FDD 




250 






250 




ns 


5V4" FDD 







125 


125 


ns 


3V2" Sony (3) 


Clock active (high, low) 


*o 


40 




40 




ns 




Clock rise time 


<Dr 




20 




20 


ns 




Clock fall time 


*f 




20 




20 


ns 




Aq.CS.DACK setup time to RDi 


^AR 












ns 




Aq, CS, DACK hold time from RDt 


tRA 












ns 




RD width 


Irr 


250 




200 




ns 




Data access time from Wi 


*RD 




200 




140 


ns 


Cl=100pF 


DB to float delay time from RDt 


tDF 


20 


100 


10 


85 


ns 


Cl = 100pF 


Aq, CS, DACK setup time to WRi 


tAW 












ns 




Aq.CS, DACK hold time to WRt 


tWA 












ns 




WR width 


tww 


250 




200 




ns 




Data setup time to WR t 


'dw 


150 




100 




ns 




Data hold time fromWRt 


tWD 


5 









ns 




INT delay time from RDt 


tRI 




500 




400 


ns 




INT delay time from WRt 


'wi 




500 




400 


ns 




DRQ cycle time 


'mcy 


13 




13 




fiS 


0>CY = 125ns(4) 


DACK; — DRQ; delay 


Um 




200 




140 


ns 




DRQ t-* DACK i delay 


'ma 


200 




200 




ns 


0CY=125ns(4) 


DACK width 


tAA 


2 




2 




*CY 




TC width 


tie 


1 




1 




*CY 




Reset width 


tRST 


14 




14 




*CY 





WCK cycle time 



<CY 



4 


16 


*CY 


IVIFM = 0,51/4" 


2 


8 


*CY 


MFM = 1,51/4" 


2 


8 


*CY 


MFM = 0, 8" 


1 


4 


*CY 


MFM = 1,8" 


2 


8 


*CY 


MFM = 0,3i/2"(3) 



*CY 



MFM = 1,3i/2"(3) 



WCK active time (high) 


to 




2 




2 


*CY 


CLKt-*WCKt delay 


tcWH 





40 





40 


ns 


CLKt-^WCK4 delay 


tCWL 





40 





40 


ns 


WCK rise time 


tr 




20 




20 


ns 


WCK fall time 


tf 




20 




20 


ns 


Preshift delay time from WCKt 


kp 


20 


100 


20 


100 


ns 


WCKt — WEt delay 


km 


20 


100 


20 


100 


ns 


WDA delay time from WCKt 


tCD 


20 


100 


20 


100 


ns 


RDD active time (high) 


tRDD 


40 




40 




ns 
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AC Characteristics (cent) 

Ta = -10°C to +70''C, Vcc = +5 V ±5% OuPD765A/7265A) and Vqc = +5V ±10% (juPD765A-2/7265A-2) 



Limits 



76SA, 7265 



765A-2, 7265-2 



Parameter 



Symbol 



IMin 



iyp(1) Max 



Min 



1VP(1) Max 



Unit 



Test 
Conditions 



Window cycle time 



twCY 



4 


4 


US 


IVIFM = 0,51/4" 


2 


2 


ixs 


MFM = 1,51/4" 


2 


2 


MS 


IVIFM = 0,8" 


1 


1 


MS 


1\/IFI\/I = 1,8" 


2 


2 


MS 


IVIFM =0,31/2" (3) 









1 




1 


MS 


MFM=1,3V2"(3) 


Window hold time to RDD 


Irdw 


15 




15 




ns 




Window hold time from RDD 


tWRD 


15 




15 




ns 




USq, 1 hold time to RW / seek t 


lus 


12 




12 




MS 


8MHzclockperiod(4) 


RW / seek hold time to low 
current/ direction t 


tSD 


7 




7 




MS 


8MHzclockperiod(4) 


Low current / direction hold time to 
fault reset/ step t 


tDST 


1.0 




1.0 




^s 


8MHzclockperiod(4) 


USq, 1 hold time from fault reset/ 
step'l 


'STU 


5.0 




5.0 




MS 


8MHzclockperiod(4) 


Step active time (high) 


tSTP 


6 


7 8 


6 


7 8 


MS 


(Note 4) 


Step cycle time 


tsc 


33 


(Note 2) (Note 2) 


33 


(Note 2) (Note 2) 


MS 


(Note 4) 


Fault reset active time (high) 


tpR 


8.0 


10 


8.0 


10 


MS 


(Note 4) 


Write data width 


tWDD 


to-50 




to-50 




ns 




USo,i hold time after seek 


tsu 


15 




15 




MS 


8MHzclockperiod(4) 


Seek hold time from DIR 


tDS 


30 




30 




MS 


8IVIHzclockperiod(4) 


DIR hold time after step 


tSTD 


24 




24 




MS 


8MHzclockperiod(4) 


Index pulse width 


^IDX 


4 




4 




*CY 




RD4 delay from DRQ 


tMR 


800 




800 




ns 


8MHzclockperiod(4) 


WRi delay from DRQ 


^MW 


250 




250 




ns 


8MHzclockperiod(4) 


WE or RD response time from DRQ! 


^MRW 




12 




12 


MS 


8MHzclockperiod(4) 



Note: 

(1) Typical values for Ta = 25°C and nominal supply voltage. 

(2) Under software control. The range is from 1 ms to 16 ms at 8 MHz clock period, and 2 ms to 32 ms at 4 MHz clock period. 

(3) Sony Micro Floppydisk 31/2" drive. 

(4) Double these values for a 4 MHz clock period. 



Timing Waveforms 

Processor Read Operation 



Processor Write Operation 
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Timing Waveforms (cont) 

Clock 



DMA Operation 



-J": — ^ 



DACK 



JT 



MCY 



tMw(WR) 

tMR(RD) 



FDD Write Operation 



Write Clock t" t. J F\ 



PreshiftOorl X ~^ <i^ 




XI 



»• |4 ^VIDD 





Preshift 


Preshift 1 


Normal 








Late 





1 


Early 


1 





Invalid 


1 


1 



Seel( Operation 



,, ~) t stable T 



X 



\ 



-A \ 



step 






FLT Reset 



CLK V 


<t>0 


,, 


PH 


r\ 


<t)R— » 


<)>CY 

1>F 



Fault Reset = if ii 

File Unsafe Reset ^ [^ 




FDD Read Operation 



J[\ 



■•"^RDD |*'WRD* 



rv 



Read Data Window 



i 



>z 



Note: Either polarity data window is vaiid. 



Terminal Count 










TC 


► -• tTC 


83-002828A 




Reset 














Reset 


/ 




\ 


83-002829A 


-« tRST 



Write Clocli 



WCK 


/-vy^Y^ 


/ 


\ 

► tCWL -• 

83-002827A 




► tcWH -• 
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Internal Registers 

The |iPD765A/):iPD7265 contains two registers which 
may be accessed by the main system processor: a sta- 
tus register and a data register. The 8-bit main status 
register contains the status information of the FDC, and 
may be accessed at any time. The 8-bit data register 
(which actually consists of four registers, ST0-ST3, in a 
stack with only one register presented to the data bus at 
a time), stores data, commands, parameters, and FDD 
status information. Data bytes are read out of, or written 
into, the data register in order to program or obtain the 
results after a particular command (table 3). Only the 
status register may be read and used to facilitate the 
transfer of data between the processor and ixPD765AI 
p«PD7265. 

The relatio nship bet ween the status/data registers and 
the signals RD, WR, and Aq is shown in table 1. 



Table 2. Main Status Register (cont) 



Tablet 


status/ Data Register Addressing 


*o 


m 


WR 


Function 








1 


Read main status register 





1 





Illegal 











Illegal 


1 








Illegal 


1 





1 


Read from data register 


1 


1 





Write into data register 



The bits in the main status register are defined in 
table 2. 



Table 2. 


Main Status Register 


Pin 


No. 


Name 


Function 


DBo 


DqB 

(FDD Busy) 


FDD number is in the seek mode. If any 
of the DpB bits is set FDC will not accept 
read or write command. 


DBi 


DiB 

(FDD 1 Busy) 


FDD number 1 is in the seek mode. If any of 
the DpB bits is set FDC will not accept read 
or write command. 


DB2 


D2B 

(FDD 2 Busy) 


FDD number 2 is in the seek mode. If any 
of the DnB bits is set FDC will not accept 
read or write command. 


OB3 


D3B 

(FDD 3 Busy) 


FDD number 3 is in the seek mode, if any 
of the DpB bits is set FDC will not accept 
read or write command. 


DB4 


CB 

(FDC Busy) 


A Read or Write command is in process. 
FDC will not accept any other command. 



DB5 EXM This bit is set only during execution phase 

(Execution IVIode) in non-DMA mode. When DB5 goes low, 

execution phase has ended and result 

phase has started. It operates only during 

non-DMA mode of operation. 



Pin 



No. 



Name 



Function 



DIO 

(Data Input /Output) 



Indicates direction of data transfer be- 
tween FDC and data register. If DI0 = 1, 
then transfer is from data register to the 
processor. If DIO =0, then transfer is from 
the processor to data register. 



DB7 



ROM 

(Request for Master) 



Indicates data register is ready to send or 
receive data to or from the processor. Both 
bits DIO and ROM should be used to per- 
form the hand-shaking functions of 
"ready" and "direction" to the processor. 



The DIO and ROM bits in the status register indicate 
when data is ready and in which direction data will be 
transferred on Xhe data bus. The maximum time be- 
tween the last RD or WR during a command or result 
phase and DIO and ROM getting set or reset is 12 j^is. For 
this reason every time the main status register is read 
the CPU should wait 12/:.ts.The maximum time from the 
trailing edge of the last RD in the result phase to when 
DB4 (FDC busy) goes low is 12 ^^s. See figure 1. 



Figure 1. DIO and RQM 



Data In/Out 
(DIO) 



Out FDC and Into Processor 



Out Processor and Into FDC 



Request for Master 
(RQM) 

WR 
RD 



Ready 

Not I I 

Ready 



I I 



I I 




Notes: A- Data register ready to be written into by processor. 

B- Data register not ready to be written into by processor, 

C- Data register ready for next data byte to be read by processor. 

D- Data register not ready to be read by processor. 
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Table 3. Status Register Identification 



Tabie 3. Status Register Identification (cont) 



Pin 




No. Name 


Function 


Status Register 



D;, De IC 

(Interrupt Code) 



D7=0 and 06=0 

Normal ternfilnation of command, (NT). 
Command was completed and properly ex- 
ecuted. 

07=0 and 06=1 

Abnormal termination of command, (AT). 
Execution of command was started but 
was not successfully completed. 

07 = 1 and 06=0 

Invalid command issue, (IC). Command 

whicti was issued was never started. 

07=1 and 06=1 

Abnormal termination because during 
command execution the ready signal from 
FOD ctianged state. 



D5 



SE 
(Seek End) 



When the FDC completes the Seek com- 
mand, this flag is set to 1 (high). 



O4 EC If a fault signal is received from the FOD, or 

(Equipment Check) if the track signal fails to occur after 77 
step pulses (Recalibrate Command) then 
this flag is set. 

O3 NR When the FDD is in the not-ready state and 

(Not Ready) a Read or Write command is issued, this 

flag is set. If a Read or Write command is 

issued to side 1 of a single-sided drive, 

then this flag is set. 



02 


HD 

(Head Address) 


This flag is used to indicate the state of the 
head at interrupt. 


Dl 


USi 

(Unit Select 1) 


This flag is used to indicate a drive unit 
number at interrupt. 


Do 


USo 

(Unit Select 0) 


This flag is used to indicate a drive unit 
number at interrupt. 


Status Register 1 


D7 


EN 

(End of Cylinder) 


When the FOC tries to access a sector be- 
yond the final sector of a cylinder, this flag 
is set. 


De 




Not used. This bit is always (low). 


D5 


OE 

(Data Error) 


When the FDC detects a CRC(1) error in ei- 
ther the 1 field or the data field, this flag is 
set. 


04 


OR 
(Overrun) 


If the FDC is not serviced by the host sys- 
tem during data transfers within a certain 
time interval, this flag is set. 


D3 




Not used. This bit is always (low). 



Pin 


No. 


Name 


Function 


Status Register 1 (cont) 


02 


NO 


During execution of Read Data, Write De- 




(No Data) 


leted Data or Scan command, if the FDC 
cannot find the sector specified in the 
I0R(2) Register, this flag is set. 




During execution of the Read ID command. 






if the FOC cannot read the ID field without 






an error, then this flag is set. 




During execution of the Read A Cylinder 






command, if the starting sector cannot be 






found, then this flag is set. 


Dl 


NW 


During execution of Write Data, Write De- 




(Not Writable) 


leted Data or Format A Cylinder command, 
if the FOC detects a write protect signal 
from the FOO, then this flag is set. 


Do 


MA 


If the FOC cannot detect the data address 




(Missing Address 


mark or deleted data address mark, this 




Mark) 


flag is set. Also at the same time, the MD 
(missing address mark in data field) of 
status register 2 is set. 


Status Register 2 


D7 




Not used. This bit is always (low). 


De 


CM 


During execution of the Read Data or Scan 




(Control Mark) 


command, if the FDC encounters a sector 
which contains a deleted data address 
mark, this flag is set. 


D5 


DO 


If the FOC detects a CRC error in the data 




(Data Error in 


field then this flag is set. 




Data Field) 




04 


WC 


This bit is related to the NO bit, and when 




(Wrong Cylinder) 


the contents of C(3) on the medium is dif- 
ferent from that stored in the lOR, this flag 
is set. 


D3 


SH 


During execution of the Scan command, if 




(Scan Equal Hit) 


the condition of "equal" is satisfied, this 
flag is set. 


02 


SN 


During execution of the Scan command, if 




(Scan Not Satisfied) 


the FOC cannot find a sector on the cylin- 
der which meets the condition, then this 
flag is set. 


Dl 


BC 


This bit is related to the NO bit, and when 




(Bad Cylinder) 


the contents of C on the medium is differ- 
ent from that stored in the lOR and the con- 
tents of C is FFH, then this flag is set. 


Do 


MO 


When data is read from the medium, if the 




(Missing Address 


FDC cannot find a data address mark or 




Mark in Data Field) 


deleted data address mark, then this flag 
is set. 
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Tables. 


. Statu f Register Identification (cont) 


Pin 


No. 


Name 


Function 


status Register 3 


O7 


FT 
(Fault) 


This bit Is used to Indicate the status of the 
fault signal from the FDD. 


De 


WP 

(Write Protected) 


This bit Is used to Indicate the status of the 
write protected signal fronn the FDD. 


D5 


RY 
(Ready) 


This bit Is used to Indicate the status of the 
ready signal from the FDD. 


D4 


TO 
(Track 0) 


This bit is used to indicate the status of the 
track signal from the FDD. 


D3 


TS 
(Two-Side) 


This bit is used to Indicate the status of the 
two-side signal from the FDD. 


D2 


HD 

(Head Address) 


This bit is used to indicate the status of the 
side select signal to the FDD. 


Dl 


USi 

(Unit Select 1) 


This bit is used to indicate the status of the 
unit select 1 signal to the FDD. 


Do 


USo 

(Unit Select 0) 


This bit is used to indicate the status of the 
unit select signal to the FDD. 



Note: 

(1) CRC = Cyclic Redundancy Check 

(2) IDR= Internal Data Register 

(3) Cylinder (C) is described more fully in the Command Symbol 
Description. 

Command Sequence 

The fjPD765A/fiPD7265 is capable of performing 15 dif- 
ferent commands. Each command is initiated by a 
multibyte transfer from the processor, and the result af- 
ter execution of the command may also be a multibyte 
transfer back to the processor. Because of this multi- 
byte interchange of information between the ;iPD765A/ 
IJ.PD7265 and the processor, it is convenient to consider 
each command as consisting of three phases: 

Command The FDC receives all information re- 
Phase: quired to perform a particular opera- 
tion from the processor. 

Execution The FDC performs the operation it 
Phase: was instructed to do. 

Result Phase: After completion of the operation, 
status and other housekeeping infor- 
mation are made available to the 
processor. 

Table 4 shows the required preset parameters and 
results for each command. Most commands require 9 
command bytes and return 7 bytes during the result 
phase. The "W" to the left of each byte indicates a com- 
mand phase byte to be written, and an "R" indicates a 
result byte. The definitions of other abbriviations used 
in table are given in the Command Symbol Description 
table. 



Command Symbol Description 


Name 


Function 


Ao 

(Address Line 0) 


Aq controls selection of main status register 
(Ao=0) or data register (Ao=1). 


C 

(Cylinder Number) 


C stands for the current /selected cylinder 
(track) numbers through 76 of the medium. 


D 
(Data) 


D stands for the data pattern which Is going to be 
written into a sector. 


D7-D0 
(Data Bus) 


8-blt data bus, where D7 stands for a most 
significant bit, and Dq stands for a least 
significant bit. 


DTL 

(Data Length) 


When N Is defined as 00, DTL stands for the data 
length which users are going to read out or write 
Into the sector. 


EOT 

(End of Track) 


EOT stands for the final sector number on a cylin- 
der. During read or write operations, FDC will stop 
data transfer after a sector number equal to EOT 



GPL 

(Gap Length) 



GPL stands for the length of gap 3. During Read / 
Write commands this value determines the num- 
ber of bytes that VCO sync will stay low after two 
ORG bytes. During Format command It deter- 
mines the size of gap 3. 



H 

(Head Address) 


H Stands for head number or 1, as specified In 
ID field. 


HD 
(Head) 


HD stands for a selected head number or 1 and 
controls the polarity of pin 27. (H = HD in all com- 
mand words.) 


HLT 

(Head Load Time) 


HLT stands for the head load time In the FDD (2 to 
254 ms in 2 ms increments). 


HUT 

(Head Unload Time) 


H UT stands for the head unload time after a Read 
or Write operation has occurred (16 to 240 ms In 
16 ms Increments). 


MF 

(FM or MFIVI Mode) 


If MF Is low, FM mode Is selected, and if It Is high, 
MFM mode Is selected. 


WIT 
(Multitrack) 


IF MT is high, a multitrack operation is per- 
formed. If MT=1 after finishing read/write oper- 
ation on side 0, FDC will automatically start 
searching for sector 1 on side 1 . 


N 
(Number) 


N stands for the number of data bytes written In a 
sector. 


NGN 

(New Cylinder Number) 


NGN stands for a new cylinder number which Is 
going to be reached as a result of the seek opera- 
tion; desired position of head. 


ND 

(Non-DMA Mode) 


ND stands for operation in the non-DMA mode. 


PCN 

(Present Cylinder Number) 


PCN stands for the cylinder number at the com- 
pletion of Sense Interrupt Status command, posi- 
tion of head at present time . 


R 
(Record) 


R stands for the sector number which will be read 
or written. 


R/W 
(Read /Write) 


R/W stands for either Read (R) or Write (W) 
signal. 


SC 
(Sector) 


SC Indicates the number of sectors per cylinder. 


SK 
(Skip) 


SK stands for skip deleted data address mark. 
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Command Symbol Description (cont) 



Command Symbol Description (cont) 



Name 



Function 



Name 



Function 



SRT SRT Stands for the stepping rate for the FDD (1 to 

(Step Rate Time) 16 ms in 1 ms increments). Stepping rate appiies 

to all drives (FH = 1ms, EH = 2ms, etc.). 



STP 



ST0-ST3 
(Status 0-3) 



ST0-ST3 stands for one of four registers which 
store the status information after a command has 
been executed. This information Is available dur- 
ing the result phase after command execution. 
These registers should not be confused with the 
main status register (selected by Ao = 0). 
ST0-ST3 may be read only after a command has 
been executed and contains information relevant 
to that particular command. 



During a scan operation, if STP=1, the data in 
contiguous sectors Is compared byte by byte with 
data sent from the processor (or DMA); and if 
STP=2, then alternate sectors are read and com- 
pared. 



USq, USi 
(Unit Select) 



US stands for a selected drive number or 1. 



Table 4. Instruction Set (Notes 1, 2) 








Instruction Code 








Pliase RfW D7 Dg D5 D4 D3 Dj 


Di 


Do 


Remarl(s 


Read Data 



Command 



MT 
X 



MF 
X 



SK 
X 




X X 

— C — 

— H — 

— R — 

— N — 

— EOT - 

— GPL - 

— DTL - 



1 
HD 



1 
USi 




USo 



Command codes 

(Note 3) 

Sector ID information prior to command execution. The 4 bytes 

are compared against header on floppy disk. 




Execution 



Data transfer between the FDD and main system 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information after command execution 



Read Deleted Data 



Command 



MT 
X 



MF 
X 



SK 
X 



1 

X X 

— c — 

— H — 

— R — 

— N — 

— EOT - 

— GPL - 

— DTL - 



1 
HD 




USi 




USo 



Command codes 

Sector ID Information prior to command execution. The 4 bytes 
are compared against header on floppy disk. 



Execution 



Data transfer between the FDD and main system 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status Information after command execution 



Sector ID Information after command execution 



Note: 

(1) Symbols used in this table are described at the end of this section.) 

(2) Aq should equal 1 for all operations. 

(3) X = Don't care, usually made to equal 0. 
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Table 4. Instruction Set (Notes 1, 2) (cont) 




RfW 








Instruction Code 










Phase 


Dt 


De 


DS 


D4 D3 


D2 


Di 


Do 


Remarks 


Write Data 


Command 


W 


MT 


MP 








1 





1 


Command codes 




w 


X 


X 


X 


X X 


HD 


USi 


USo 






w 


-< 






c 








Sector ID information prior to command execution. The 4 bytes 




w 









H 






► 


are compared against header on floppy disk. 




w 


-• 






R 












w 


-. 






N 












w 








EOT 












w 









GPL 






► 






w 









DTL 






► 




Execution 


















Data transfer between the main system and FDD 


Result 


R 
















Status information after command execution 








* 




R 








ST1 






► 






R 








ST2 






► 






R 









c 






► 


Sector ID information after command execution 




R 
R 
R 









H 



















N 










Write Deleted Data 


Command 


W 


MT 


MF 





1 








1 


Command codes 




W 


X 


X 


X 


X X 


HD 


USi 


uSn 






W 


-< 






C 






► 


Sector ID information prior to command execution. The 4 bytes 




W 








H 






► 


are compared against header on floppy disk. 




W 


-. 






R 






► 






W 


-1 






N 






>- 






W 








EOT 






► 






W 


,-. 






GPL 












W 









DTL 










Execution 


















Data transfer between the FDD and main system 


Result 


R 
R 
R 


' 






STO 

ST1 

ST2 






► 


Status information after command execution 




R 


-. 






C 








Sector ID information after command execution 




R 








H 






>► 






R 


-. 






R 












R 








N 






" 




Read ATracl( 


Command 


W 





MF 


SK 








1 





Command codes 




W 


X 


X 


X 


X X 


HD 


USi 


USn 






W 








C 








Sector ID information prior to command execution 




W 


-t 






H 






► 






W 


-. 






R 












W 


-. 






N 






► 






W 









EOT 












W 


-. 






GPL 






► 






W 








DTL 






► 




Execution 


















Data transfer between the FDD and main system. FDC reads all 
data fields from index hole to EOT 


Result 


R 
R 
R 


■*" 







STO 

ST1 

ST2 








Status information after command execution 




R 









C 








Sector ID information after command execution 




R 


-. 






H 






► 






R 


-. 






R 












R 


- — 







N 






" 
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Table 4. 


Instruction Set (Notes 1, 2)(cont) 












R/W 






Instruction Code 








Phase 


D? 


De 


Ds D4 


D3 D2 


Di 


Do 


Remarks 


Read ID 


Command 


w 
w 



X 


MF 
X 



X X 


1 
X HD 


1 
USi 



USo 


Command codes 


Execution 
















The first correct ID information on the cylinder is stored in data 
register. 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information read during execution phase from floppy 
disk. 



Format A Track 



Command 



MF 
X 



1 
X X 

— N — 

— SC — 

— GPL - 

— D — 



1 1 

HD USi USo 



Command codes 

Bytes / sector 
Sectors /track 
Gap 3 
Filler byte 



Execution 



FDC formats an entire track. 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



In this case, the ID information has no meaning 



E 



Scan Equal 



Command 



MT 
X 



MF 
X 



SK 
X 



1 
X X 

— C — 

— H — 

— R — 

— N — 

— EOT - 

— GPL - 

— STP — 



1 

HD USi USo 



Command codes 

Sector ID information prior to command execution 



Execution 



Data compared between the FDD and main system 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information after command execution 



Note: 

(1) Synfibols used in this table are described at ttie end of this section. 

(2) Aq should equal! for all operations. 

(3) X = Don't care, usually made to equal 0. 
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Table 4. Instruction Set (Notes 1, 2) (cont) 



Instruction Code 



Phase 



R/W 



De Ds 



D3 D2 



Do 



Remarks 



Scan Low or Equal 



Command 



MT 
X 



MF 
X 



SK 
X 



1 1 
X X 

— C — 

— H — 

— R — 

— N — 

— EOT - 

— GPL - 

— STP - 



1 

HD USi USo 



Command codes 

Sector ID information prior to command execution 



Execution 



Data compared between the FDD and main system 



Resuit 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 



Status information after command execution 



Sector ID information after command execution 



Scan High or Equal 



Command 



MT 
X 



MF 
X 



SK 
X 



1 1 

X X 

— C — 

— H — 

— R — 

— N — 

— EOT - 

— GPL - 

— STP - 



1 1 

HD USi USo 



Command codes 

Sector ID information prior to command execution 



Execution 



Data compared between the FDD and main system 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information after command execution 



Recalibrate 


Command 


W 
W 



X 



X 





X 



X 



X 


1 




1 
USi 


1 

USo 


Command codes 


Execution 






















Head retracted to track 


Sense Interrupt Status 


Command 


W 
















1 











Command codes 


Result 


R 
R 












— 






,. 


Status information about the FDC at the end of seel< operation 


* 




— 




PCN 


Specify 


Command 


W 
W 
W 








SRT 






- HLT — 








1 
HUT — 


1 

l\ID 


Command codes 














Sense Drjve Status 


Command 


W 
W 



X 



X 





X 



X 



X 


1 

HD 



USi 



USo 


Command codes 


Result 


R 


* — 




— 




ST3 


— 








Status information about FDD 
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Table 4. 


Instruction Set (Notes 1, 2)(cont) 












R/W 








Instruction Code 










Phase 


D7 


De 


D5 


D4 D3 


D2 


Dl 


Do 


Remarks 


Seek 


Command 


w 
w 
w 



X 



X 



X 


1 
X X 


1 
HD 


1 
USi 


1 
USo 


Command codes 














Execution 


















Head is positioned over proper cylinder on diskette 


Invalid 


Command 


w 








- Invalid Codes - 








Invalid Command codes (No op — FDC goes into standby state) 














Result 


R 








STO 








ST0=80H 



Note: 

(1) Symbols used in this table are described at the end of this section. 

(2) Aq should equal 1 for all operations. 

(3) X= Don't care, usually made to equal 0. 



System Configuration 

Figure 2 shows an example of a system using a 
mPD765A/mPD7265. 



Figure 2. 


System Configuration 


















Memories 














8080 System Bus 


I 




z 


y\ 


U-. 1 

MEMR 

lOR 

MEMW 

iow 

CS 

HRQ 

HLDA 


/v 


RD 
WR 
CS 
INT 
RESET 


Read 








N/' 




\7 


Window 


PLL 




Drive \ 
Interface \ 




>iPD8257 

DMA 
Controller 


DRQ 


MLPD765 

or 

nPD7265A 

FDC 


* 


rp 






OACk 


WR Data 






{ Input Control 








TC 
Terminal 




Count 


Output Control "> 

























Processor interface 

During command or result phases the main status reg- 
ister (described earlier) must be read by the processor 
before each byte of information is written into or read 
from the data register. After each byte of data read or 
written to the data register, CPU should wait for 12/iS be- 
fore reading main status register, bits Dg and D7 in the 
main status register must be in a and 1 state, respec- 
tively, before each byte of the command word may be 
written into the fiPD765A/|jPD7265. Many of the com- 
mands require multiple bytes and, as a result, the main 
status register must be read prior to each byte transfer 



to the fiPD765A//iPD7265. On the other hand, during the 
result phase, Dq and D7 in the main status register must 
both be 1's (De = 1 and D7 = 1) before reading each byte 
from the data register. Note that this reading of the main 
status register before each byte transfer to the 
^PD765A/juPD7265 is required only In the command and 
result phases, and not during the execution phase. 

During the execution phase, the main status register 
need not be read. If the fiPD765A//iPD7265 is in the non- 
DMA mode, then the receipt of each data byte (if 
jiPD765A/pjPD7265 is reading data from FDD) is indi- 
cated by an interrupt signal on pin 18 (INT = 1). The gen- 
eration of a read signal (RD = 0) or write signal (WR = 0) 
will clear the interrupt as well as output the data onto 
the data bus. If the processor cannot handle interrupts 
fast enough (every 13jus for the MFM mode and 27 /iS for 
the FM mode), then It may poll the main status register 
and bit D7 (RQM) functions as the Interrupt signal. If a 
write command is in process then the WR signal ne- 
gates the reset to the interrupt signal. 

Note that in the non-DMA mode it is necessary to exam- 
ine the main status register to determine the cause of 
the interrupt, since it could be a data interrupt or a com- 
mand termination interrupt, either normal or abnormal. 

If the /nPD765A//iPD7265 is in the DMA mode, no inter- 
rupts are generated during the execution phase. The 
|L(PD765A/fiPD7265 generates DRQs (DMA requests) 
when each byte of data is available. The DM A controller 
responds to this request with both a DACK = (DMA ac- 
knowledge) and an RD = (rea d sign al). When the DMA 
acknowledge signal goes low (DACK = 0), then the DMA 
request is cleared (DRQ = 0). If a write command has 
been issued then a WR signal will appear instead of RD. 
After the execution phase has been completed (terminal 
count has occurred) or the EOT sector read /written, 
then an interrupt will occur (INT= 1). This signifies the 
beginning of the result phase. When the first byte of 



E 
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data is read during the result phase, the interrupt is au- 
tomaticaily cleared (INT = 0). 



The RD orWR signals should be asserted while PACK is 
true. The CS signal is used in conjunction with RD and 
WR as a gating function during programmed I/O opera- 
tions. CS has no effect during DMA o perations. If the 
non-DMA mode is chosen, the DACK signal should be 
pulled uptoVcc- 

It is important to note that during the result phase all 
bytes shown in the command table (table 4) must be 
read. The read data command, for example, has seven 
bytes of data in the result phase. All seven bytes must 
be read in order to successfully complete the Read Data 
command. The/iPD765A/jiPD7265 will not accept a new 
comand until all seven bytes have been read. Other 
commands may require fewer bytes to be read during 
the result phase. 

The i<PD765A/jiPD7265 contains five status registers. 
The main status register mentioned above may be read 
by the processor at any time. The other four status regis- 
ters (STO, ST1, ST2, and ST3) are available only during 
the result phase and may be read only after completing 
a command. The particular command that has been ex- 
ecuted determines how many of the status registers will 
be read. 

The bytes of data which are sent to the /l<PD765A/ 
/iPD7265 to form the command phase and are read out 
of thefiPD765A/)iPD7265 in the result phase must occur 
in theorder shown in table 4. That is, the command code 
must be sent first and the other bytes sent In the pre- 
scribed sequence. No foreshortening of the command 
or result phases is allowed. After the last byte of data in 
the command phase is sent to the/iPD765A/^PD7265, 
the execution phase automatically starts. In a similar 
fashion, when the last byte of data is read out in the 
result phase, the command is automatically ended and 
the pjPD765A/j[iPD7265 is ready for a new command. 

Polling 

After reset has been sent to the ^PD765A/fiPD7265, the 
unit select lines USq and US-| will automatically go into a 
polling mode. In between commands (and between step 
pulses in the Seek command) the |iPD765A/^PD7265 
polls all four FDDs looking for a change in the ready line 
from any of the drives. If the ready line changes state 
(usually due to a door opening or closing), then the 
/iPD765A/piPD7265 will generate an interrupt. When sta- 
tus register (STO) is read (after Sense Interrupt Status 
is issued), not ready (NR) will be indicated. The polling 
of the ready line by the pjPD765A/fiPD7265 occurs con- 
tinuously between commands, thus notifying the proc- 
essorwhich drives are on or off line. Each drive is polled 
every 1.024 ms except during the Read/Write com- 



mands. When used with a 4 MHz clock for interfacing to 
minifloppies, the polling rate is 2.048 ms. See figure 3. 

Figure 3. Polling Feature 



4 Approx 1.0 msec - 

ISixs 15|iS 15|xs 



Read Data 

A set of nine (9) byte words are required to place the FDC 
into the read data mode. After the Read Data command 
has been issued the FDC loads the head (if it is In the 
unloaded state), waits the specified head settling time 
(defined in the Specify command), and begins reading 
ID address marks and ID fields. When the current sector 
number (R) stored in the ID register (IDR) compares with 
the sector number read off the diskette, then the FDC 
outputs data (from the data field) byte-to-byte to the 
main system via the data bus. 

After completion of the read operation from the current 
sector, the sector number is incremented by one, and 
the data from the next sector is read and output on the 
data bus. This continuous read function is called a 
multi-sector read operation. The Read Data command 
may be terminated by the receipt of a terminal count sig- 
nal. TC should be issued at the same time that the 
DACK for the last byte of data is sent. Upon receipt of 
this signal, the FDC stops outputting data to the proces- 
sor, but will continue to read data from the current sec- 
tor, check CRC (cyclic redundancy count) bytes, and 
then at the end of the sector terminate the Read Data 
command. The amount of data which can be handled 
with a single command to the FDC depends upon MT 
(multi-track), MF (MFM/FM), and N (number of bytes/ 
sector). Table 5 shows the transfer capacity. 

The "multi-track" function (MT) allows the FDC to read 
data from both sides of the diskette. For a particular cyl- 
inder, data will be transferred starting at sector 1, side 
and completing at sector L, side 1 (sector L = last sector 
on the side). Note, this function pertains to only onecyl- 
inder (the same track) on each side of the diskette. 

When N = 0, then DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the 
actual data length in a sector, the data beyond DTL in 
the sector is not sent to the data bus. The FDC reads 
(internally) the complete sector performing the CRC 
check and, depending upon the manner of command 
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termination, may perform a multi-sector read operation. 
When N is non-zero, then DTL has no meaning and 
should be set to FFH. 



Table 5. Transfer Capacity 




Muiti- 

Ik-acii 

MT 


lUFM/ 
FM 
IMF 


Bytes/ 

Sector 

N 


Maximum Tt'ansfer Capacity 

(Bytes/Sector) 

(Number of Sectors) 


Final Sector 
Read from 
Diskettes 









00 
01 


(128) (26) = 3,328 
(256) (26) = 6,656 


26 at side 
or 26 at side 1 


1 
1 





00 
01 


(128) (52) = 6,656 
(256) (52) = 13,312 


26 at side 1 









01 
02 


(256) (15) = 3,840 
(512) (15) = 7,680 


15 at side 
or 15 at side 1 


1 
1 





01 
02 


(256) (30) = 7,680 
(512) (30) = 15,360 


15 at side 1 









02 
03 


(512) (8) = 4,096 
(1024) (8) = 8,192 


8 at side 
or 8 at side 1 


1 

1 





02 
03 


(512) (16) = 8,192 
(1024) (16) = 16,384 


8 at side 1 



At the completion of the Read Data command, the head 
is not unloaded until after head unload time interval 
(specified in the Specify command) has elapsed. If the 
processor issues another command before the head un- 
loads then the head settling time may be saved between 
subsequent reads. This time out is particularly valuable 
when a diskette is copied from one drive to another. 

If the FDC detects the index hole twice without finding 
the right sector, (indicated in "R"), then the FDC sets the 
ND (No data) flag in status register 1 to a 1 (high), and 
terminates the Read Data command. (Status register 
also has bits 7 and 6 set to and 1, respectively.) 

After reading the ID and data fields in each sector, the 
FDC checks the CRC bytes. If a read error is detected 
(incorrect CRC in ID field), the FDC sets the DE (data er- 
ror) flag in status register 1 to a 1 (high), and if a CRC error 
occurs in the data field, the FDC also sets the DD (data 
error in data field) flag in status register 2 to a 1 (high), 
and terminates the Read Data command. (Status regis- 
ter also has bits 7 and 6 set to and 1, respectively.) 

If the FDC reads a deleted data address mark off the 
diskette, and the SK bit (bit D5 in the first command 
word) is not set (SK = 0), then the FDC sets the CIVI (con- 
trol mark) flag in status register 2 to a 1 (high), and termi- 
nates the Read Data command, after reading all the 
data in the sector. If SK = 1, the FDC skips the sector 
with the deleted data address mark and reads the next 
sector. The CRC bits in the deleted data field are not 
checked when SK = 1. 

During disk data transfers between the FDC and the 
processor, via the data bus, the FDC must be serviced 
by the processor every 27 /us in the FM mode, and every 
13 fxs in the IVIFM mode, orthe FDC sets the OR (Overrun) 



flag in status register 1 to a 1 (high), and terminates the 
Read Data command. 

If the processor terminates a read (or write) operation in 
the FDC, then the ID information in the result phase is 
dependent upon the state of the MT bit and EOT byte. 
Table 2 shows the values for C, H, R, and N, when the 
processor terminates the command. 

Functional Description of Commands 

Write Data 

A set of nine (9) bytes is required to set the FDC into the 
write data mode. After the Write Data command has 
been issued the FDC loads the head (if it is in the un- 
loaded state), waits the specified head settling time (de- 
fined in the Specify command), and begins reading ID 
fields. When all four bytes loaded during the command 
(C, H, R, N) match the four bytes of the ID field from the 
diskette, the FDC takes data from the processor byte-by- 
byte via the data bus and outputs it to the FDD. See 
table 6. 



Table 6. 


Command Description 








MT HD 


Final Sector Itansferred 
to Processor 


ID Information at Result Pliase 
C H R N 





Less ttian EOT 


NO 


NO 


R+1 


NO 





Equal to EOT 


0+1 


NO 


R = 01 


NO 


1 


Less than EOT 


NO 


NO 


R+1 


NO 


1 


Equal to EOT 


C+1 


NO 


R = 01 


NO 


1 


Less than EOT 


NO 


NO 


R+1 


NO 


1 


Equal to EOT 


NO 


LSB 


R = 01 


NO 


1 1 


Less than EOT 


NO 


NO 


R+1 


NO 


1 1 


Equal to EOT 


0+1 


LSB 


R = 01 


NO 



E 



Note: 

(1) NO (No Change): The same value as the one at the beginning of com- 
mand execution. 

(2) LSB (Least Significant Bit): The least significant bit of H is comple- 
mented. 

After writing data into the current sector, the sector 
number stored in R is incremented by one, and the next 
data field is written into. The FDC continues this multi- 
sector write operation until the issuance of a terminal 
count signal. If a terminal count signal is sent to the 
FDC it continues writing into the current sector to 
complete the data field. If the terminal count signal is 
received while a data field is being written then the re- 
mainder of the data field is filled with zeros. 

The FDC reads the ID field of each sector and checks 
the CRC bytes. If the FDC detects a read error (CRC er- 
ror) in one of the ID fields, it sets the DE (Data Error) flag 
of status register 1 to a 1 (high) and terminates the Write 
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Data command. (Status register also has bits 7 and 6 
set to and 1, respectively.) 

The Write command operates in much the same man- 
ner as the Read command. The following Items are the 
same, and one should refer to the Read Data command 
for details: 

• Transfer capacity 

• EN (end of cylinder) flag 

• ND (no data) flag 

• Head unload time interval 

• ID Information when the processor terminates 
command 

• Definition of DTL when N = and when N#0 

In the write data mode, data transfers between the proc- 
essor and FDC, via the data bus, must occur every 27 \jis 
in the FM mode and every ^Z^^s in the MFM mode. If the 
time interval between data transfers is longer than this, 
the FDC sets the OR (overrun) flag in status register 1 
to a 1 (high) and terminates the Write Data command. 
(Status register also has bits 7 and 6 set to and 1, 
respectively.) 

Write Deleted Data 

This command is the same as the Write Data command 
except a deleted data address mark is written at the be- 
ginning of the data field instead of the normal data ad- 
dress mark. 

Read Deleted Data 

This command is the same as the Read Data command 
except that when the FDC detects a data address mark 
at the beginning of a data field (and SK = (low)), it will 
read all the data in the sector and set the CM flag in sta- 
tus register 2 to a 1 (high), and then terminate the com- 
mand. If SK = 1, then the FDC skips the sector with the 
data address mark and reads the next sector. 

Read a Track 

This command is simi lar to the Read Data command ex- 
cept that this is a continuous read operation where the 
entire data field from each of the sectors is read. Imme- 
diately after sensing the index hole, the FDC starts read- 
ing all data fields on the track as continuous blocks of 
data. If the FDC finds an error in the ID or data CRC 
check bytes, it continues to read data from the track. 
The FDC compares the ID Information read from each 
sector with the value stored in the IDR and sets the ND 
flag of status register 1 to a 1 (high) if there is no compari- 
son. Multi-track or skip operations are not allowed with 
this command. 

This command terminates when the number of sectors 
read is equal to EOT. If the FDC does not find an ID ad- 
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dress mark on the diskette after it senses the Index hole 
for the second time, it sets the MA (missing address 
mark) flag in status register 1 to a 1 (high) and terminates 
the command. (Status register has bits 7 and 6 set to 
and1, respectively.) 

Read ID 

The Read ID command is used to give the present posi- 
tion of the recording head. The FDC stores the values 
from the first ID field it is able to read. If no proper ID 
address mark is found on the diskette before the index 
hole is encountered for the second time, then the MA 
(missing address mark) flag in status registerl isset to a 
1 (high), and if no data is found then the ND (No data) 
flag is also set in status register 1 to a 1 (high). The com- 
mand is then terminated with bits 7 and 6 in status regis- 
ter set to and 1, respectively. During this command 
there is no data transfer between FDC and the CPU ex- 
cept during the result phase. 

Format a Track 

The Format a Track command allows an entire track to 
be formatted. After the index hole is detected, data is 
written on the diskette; gaps, address marks, ID fields, 
and data fields, all per the IBM System 34 (double den- 
sity) or System 3740 (single density) format, are re- 
corded. The particular format which will be written is 
controlled by the values programmed into N (number of 
bytes/sector), SO (sectors /cylinder), GPL (gap length), 
and D (data pattern) which are supplied by the proces- 
sor during the command phase. The data field is filled 
with the byte of data stored in D. The ID field for each 
sector is supplied by the processor; that is, four data re- 
quests per sector are made by the FDC for C (cylinder 
number), H (head number), R (sector number), and N 
(number of bytes /sector). This allows the diskette to be 
formatted with nonsequential sector numbers, if 
desired. 

The processor must send new values for C, H, R, and N 
to the p4PD765A//i^PD7265 for each sector on the track. If 
FDC is set for the DMA mode, it will issue four DMA re- 
quests per sector. If it is set for the interrupt mode, it will 
issue four interrupts per sector and the processor must 
supply C, H, R, and N loads for each sector. The con- 
tents of the R register are incremented by 1 after each 
sector is formatted; thus, the R register contains a value 
of R when it is read during the result phase. This incre- 
menting and formatting continues for the whole track 
until the FDC detects the index hole for the second 
time, whereupon it terminates the command. 

If a fault signal is received from the FDD at the end of a 
write operation, then the FDC sets the EC flag of status 
register to a 1 (high) and terminates the command after 
setting bits 7 and 6 of status register to and 1, respec- 
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tiveiy. Also, the loss of a ready signal at the beginning of 
a comnnand execution phase causes bits 7 and 6 of sta- 
tus register to be set to and 1, respectively. 

Table 7 shows the relationship between N, SC, and GPL 
for various sector sizes. 

Table 7. Sector Size 



Format 



Sector Size 



N SC GPL(1) GPL(2,3) 



8" Standard Floppy 



FM Mode 



128 Bytes /Sector 00 1A 



256 



01 OF 



512 



02 08 



1024 



03 04 



2048 



04 02 



4096 



05 01 



MFM Mode(4) 



256 



01 1A 



512 



02 OF 



1024 



03 08 



2048 



04 04 



4096 



05 02 



8192 



06 01 



51/4" Minifloppy 



FM Mode 



128 



00 10 



256 



01 08 



512 



02 04 



1024 



03 02 



2048 



04 01 



MFM Mode(4) 



256 



01 12 



256 



01 10 



512 



02 08 



1024 



03 04 



2048 



04 02 



07 



OE 



47 



C8 



C8 



OE 



35 



99 



C8 



C8 



128 Bytes /Sector 00 12 07 



10 



46 



C8 



C8 



OA 



20 



2A 



C8 



2A 



3A 



8A 



FF 



FF 



36 



54 



FF 



FF 



FF 



09 



30 



87 



FF 



FF 



OC 



32 



50 



FO 



FF 





4096 


05 


01 


C8 


FF 


31/2" Sony Micro 


Floppydlsk 










FM Mode 


128 Bytes /Sector 





OF 


07 


IB 




256 


1 


09 


OE 


2A 




512 


2 


05 


IB 


3A 


MFM Mode(4) 


256 


1 


OF 


OE 


36 




512 


2 


09 


IB 


54 




1024 


3 


05 


35 


74 



Note: 

(1) Suggested values of GPL in Read or Write commands to avoid 
splice point betvi/een data field and ID field of contiguous sections. 

(2) Suggested values of GPL in format command. 

(3) All values except sector size are hexidecimal. 

(4) In MFM mode FDC cannot perform a Read/Write/Format operation 
vi/ith 128 bytes/sector. (N = GO). 



Scan Commands 

The Scan connmands allow data which is being read 
fronn the diskette to be compared against data which is 
being supplied from the main system. The FDC com- 
pares the data on a byte-by-byte basis and looks for a 
sector of data which meets the conditions of 

DPDD = Dprocesson Dfdd< Dprocesson or Dfdd> 
Dprocessor- The hexidecimal byte of FF either from 
memory or from FDD can be used as a mask byte be- 
cause it always meets the condition of the comparison. 
One's complement arithmetic is used for comparison 
(FF= largest number, 00 = smallest number). After a 
whole sector of data is compared, if the conditions are 
not met, the sector number is incremented (R + STP -* 
R), and the scan operation is continued. The scan opera- 
tion continues until one of the following conditions oc- 
cur: the conditions for scan are met (equal, low, or high), 
the last sector on the track is reached (EOT), or the termi- 
nal count signal is received. 

If the conditions for scan are met, then the FDC sets the 
SH (scan hit) flag of status register 2 to a 1 (high) and ter- 
minates the Scan command. If the conditions for scan 
are not met between the starting sector (as specified by 
R) and the last sector on the cylinder (EOT), then the 
FDC sets the SN (scan not satisfied) flag of status regis- 
ter2 to a1 (high) and terminates the Scan command. The 
receipt of a terminal count signal from the processor or 
DMA controller during the scan operation will cause the 
FDC to complete the comparison of the particular byte 
which is in process and then to terminate the command. 
Table 8 shows the status of bits SH and SN under vari- 
ous conditions of Scan. 

Table 8. Scan Conditions 



m 





Status Register 2 




Command 


Bit2 = SN 


Bit3 = SH 


Comments 


Scan Equal 





1 


DfdD = '^Processor 




1 





DpOD'^Dprocessor 


Scan Low or 





1 


DFDD = Dprocessor 


Equal 








DFDO<Dprocessor 




1 





DFDD>Dprocessor 


Scan High or 





1 


DfdD = Dpi-ocessor 


Equal 








DpDD coprocessor 




1 





DFDD<Dprocessor 



If the FDC encounters a deleted data address mark on 
one of the sectors (and SK = 0), then it regards the sec- 
tor as the last sector on the cylinder, sets the CM (con- 
trol mark) flag of status register 2 to a 1 (high) and 
terminates the command. If SK = 1, the FDC skips the 
sector with the deleted address mark and reads the next 
sector. In the second case (SK = 1), the FDC sets the CM 
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(control mark) flag of status register 2 to a 1 (high) In or- 
der to show that a deleted sector has been encountered. 

When either the STP (contiguous sectors = 01, or alter- 
nate sectors = 02) sectors are read or the MT (multi- 
track) Is programmed, It Is necessary to remember that 
the last sectoron the track must be read. For example. If 
STP = 02, MT = 0, the sectors are numbered sequen- 
tially 1 through 26 and the Scan command is started at 
sector 21, the following will happen: sectors 21, 23, and 
25 will be read, then the next sector (26) will be skipped 
and the index hole will be encountered before the EOT 
value of 26 can be read. This will result In an abnormal 
termination of the command. If the EOT had been set at 
25 or the scanning started at sector 20, then the Scan 
command would be completed in a normal manner. 

During the Scan command, data Is supplied by either 
the processor or DMA controller for comparison against 
the data read from the diskette. In order to avoid having 
the OR (overrun) flag set in status register 1, it is neces- 
sary to have the data available in less than 27 /iS (FM 
mode) or IS^s (MFM mode). If an overrun occurs, the 
FDC ends the command with bits 7 and 6 of status reg- 
ister set to and 1, respectively 

Seek 

The read/write head within the FDD Is moved from cylin- 
der to cylinder under control of the Seek command. FDC 
has four independent present cylinder registers for 
each drive. They are cleared only after the Recalibrate 
command. The FDC compares the RON (present cylin- 
der number) which is the current head position with the 
NCN (new cylinder number), and if there Is a difference, 
performs the following operations: 

PCN<NCN: Direction signal to FDD set to a 1 (high), 
and step pulses are issued. (Step In) 

PCN>NCN: Direction signal to FDD set to a (low), 
and step pulses are issued. (Step out) 

The rate at which step pulses are issued is controlled by 
SRT (stepping rate time) In the Specify command. After 
each step pulse is Issued NCN Is compared against 
PON, and when NCN = PCN, the SE (seek end) flag Is 
set in status register to a 1 (high), and the command is 
terminated. At this point FDC Interrupt goes high. Bits 
D0B-D3B in the main status register are set during the 
seek operation and are cleared by the Sense Interrupt 
Status command. 

During the command phase of the seek operation the 
FDC is in the FDC busy state, but during the execution 
phase it is in the non-busy state. While the FDC is in the 
non-busy state, another Seek command may be issued, 
and in this manner parallel seek operations may be 
done on up to four drives at once. No other command 



can be issued for as long as the FDC is in the process of 
sending step pulses to any drive. 

If an FDD is in a not ready state at the beginning of the 
command execution phase or during the seek opera- 
tion, then the NR (not ready) flag Is set In status register 
to a 1 (high), and the command is terminated after 
bits 7 and 6 of status register are set to and 1, 
respectively. 

If the time to write three bytes of Seek command ex- 
ceeds 150^5, the timing between the first two step 
pulses may be shorter than set in the Specify command 
by as much as 1 ms. 

Recalibrate 

The function of this command is to retract the read/ 
write head within the FDD to the track position. The 
FDC clears the contents of the PCN counter and checks 
the status of the track signal from the FDD. As long as 
the track signal is low, the direction signal remains 
(low) and step pulses are issued. When the track sig- 
nal goes high, the SE (seek end) flag in status register 
Is set to a 1 (high) and the command is terminated. If the 
track signal is still low after 77 step pulses have been 
issued, the FDC sets the SE (seek end) and EC (equip- 
ment check) flags of status register to both Is (highs) 
and terminates the command after bits 7 and 6 of status 
register are set to and 1, respectively. 

The ability to do overlapping Recalibrate commands to 
multiple FDDs and the loss of the ready signal, as de- 
scribed in the Seek command, also applies to the Reca- 
librate command. If the diskette has more than 77 
tracks, then Recalibrate command should be issued 
twice, in order to position the read/write head to the 
track 0. 

Sense Interrupt Status 

An Interrupt signal is generated by the FDC for one of 
the following reasons: 

(1) Upon entering the result phase of: 

(a) Read Data command 

(b) Read a Track command 

(c) Read ID command 

(d) Read Deleted Data command 

(e) Write Data command 

(f) Format a Cylinder command 

(g) Write Deleted Data command 
(h) Scan commands 

(2) Ready line of FDD changes state 

(3) End of Seek or Recalibrate command 

(4) During execution phase in the non-DMA mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible 
by the processor. During an execution phase in non- 
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DMA mode, DB5 in the main status register is high. 
Upon entering the result phase this bit gets cleared. 
Reasons 1 and 4 do not require Sense Interrupt Status 
commands. The interrupt is cleared by reading/writing 
data to the FDC. Interrupts caused by reasons 2 and 3 
above may be uniquely identified with the aid of the 
Sense Interrupt Status command. This command, when 
issued, resets the Interrupt signal and, via bits 5, 6, and 7 
of status register 0, identifies the cause of the interrupt. 
See table 9. 

Table 9. Interrupt Status 



Seek End 


Interrupt Code 




Bits 


Bite 


Bit? 


Cause 





1 


1 


Ready line changed state, 
either poiarity 


1 








Normai termination of Seel< or 
Recalibrate command 


1 


1 





Abnormal termination of Seek 
or Recalibrate command 



The Sense Interrupt Status command is used in con- 
junction with the Seek and Recalibrate commands 
which have no result phase. When the disk drive has 
reached the desired head position the ;iPD765A/ 
hPD7265 will set the interrupt line true. The host CPU 
must then issue a Sense Interrupt Status command to 
determine the actual cause of the interrupt, which could 
be seek end or a change in ready status from one of the 
drives. A graphic example is shown in figure 4. 



Specify 

The Specify command sets the initial values for each of 
the three internal timers. The HUT (head unload time) 
defines the time from the end of the execution phase of 
one of the Read/Write commands to the head unload 
state. This timer is programmable from 16 to 240 ms in 
increments of 16 ms (01 = 16 ms, 02 = 32 ms... 
OFH = 240 ms). The SRT (step rate time) defines the time 
interval between adjacent step pulses. This timer is 
programmable from 1 to 16 ms in increments of 1ms 
(F = 1 ms, E = 2 ms, D = 3 ms, etc.). The HLT (head load 
tirrie) defines the time between when the head load 
signal goes high and the Read /Write operation starts. 
This timer is programmable from 2 to 254 ms in incre- 
ments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms... 
7F = 254 ms). 

The time intervals mentioned above are a direct func- 
tion of the clock (CLK on pin 19). Times indicated above 
are for an 8 MHz clock; if the clock was reduced to 
4 MHz (minifloppy application), then all time intervals 
are increased by a factor of 2. 

The choice of a DMA or non-DMA operation is made by 
the ND (non-DMA) bit. When this bit is high (ND = 1) the 
non-DMA mode is selected, and when ND = the DMA 
mode is selected. 

Sense Drive Status 

This command may be used by the processor whenever 
it wishes to obtain the status of the FDDs. Status regis- 



1 



Figure 4. Seek, Recalibrate, and Sense Interrupt Status 



Seek (or Recalibrate) Command 

- Command Phase "f* — Execution Phase - 



-♦]■• — Sense Interrupt Status Command — ►! 
► I * Command Phase » |« Result Phase — ►! 
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ter 3 contains the drive status information stored inter- 
nally in FDC registers. 

Invalid 

If an Invalid command is sent to the FDC (a command 
not defined above), then the FDC will terminate the com- 
mand after bits 7 and 6 of status register are set to 1 
and 0, respectively. No interrupt is generated by the 
MPD765A//iPD7265 during this condition. Bits 6 and 7 
(Die and RQM) in the main status register are both 1 
(high), indicating to the processor that the |:^PD765A/ 
/:iPD7265 is in the result phase and the contents of sta- 
tus register (STO) must be read. When the processor 

Figure 5. Data Forma t (Sheet 1of2) 



reads status register it will find an 80H, indicating an 
Invalid command was received. 

A Sense Interrupt Status command must be sent after a 
seek or recalibrate interrupt, otherwise the FDC will 
consider the next command to be an Invalid command. 

In some applications the user may wish to use this com- 
mand as a No-Op command to place the FDC in a 
standby or no operation state. 

Data Format 

Figure 5 shows the data transfer format for the juPD765A 
and pjPD7265 in various modes. 



//PD765A [FM Mode] 



GAP 4a 


SYNC 


lAM 


GAP 1 


SYNC 


IDAM 


C 




S 


N 



C 


GAP 2 


SYNC 


DATA AM 


DATA 


C 


GAPS 


GAP 4b 


40x 
FF 


6x 
00 


FC 


26x 
FF 


6x 
00 


FE 


y 

L 


D 


E 
C 


R 
C 


11x 
FF 


6x 
00 


FB or F8 


(1) 


R 
C 


(1) 





- Repeat N Times - 



/UPD7265 [FM Mode] 



GAP1 


SYNC 


IDAM 


C 


H 


S 


N 


C 


GAP 2 


SYNC 


DATA AM 


DATA 


C 


GAPS 


GAP 4 


16x 


6x 




Y 


h 


H 


11x 


6x 


FB or F8 


(1) 


R 


(1) 




FF 


00 


FE 


L 




C 




C 


FF 


00 






C 







- Repeat N Times - 



/iPD765A [MFM Mode] 



GAP 4a 
8Dx 
4E 


SYNC 
12x 
00 


lAM 


GAP1 
50x 
4E 


SYNC 
,12x 
X)0 


IDAM 


C 
Y 

L 


H 
D 


S 

E 
C 


N 
O 


C 

R 
C 


GAP 2 
22x 

4E 


SYNC 
12x 
00 


DATA AM 


DATA 

(1) 


C 
R 
C 


GAPS 
(1) 


GAP 4b 


3x 
C2 


FC 


3x 
A1 


FE 


3x 
A1 


FB 
F8 



- Repeat N Times - 



/UPD7265 [MFM Mode] 



GAP1 
32x 

4E 


SYNC 
12x 
00 


IDAM 


C 
Y 

L 


H 
D 


S 
E 
C 


N 



C GAP 2 
R 22x 
C 4E 


SYNC 
12x 
00 


DATA AM 


DATA 

(1) 


C 
R 
C 


GAPS 
(1) 


GAP 4 


3x 
A1 


FE 


Sx 
A1 


FB 
F8 



- Repeat N Times - 



Note: It is suggested that the user refer to the following application notes: 

(1) #8 — for an example of an actual interface, as well as a "theoretical" data separator. 

(2) #10 — for a well documented example of a working phase-locked loop. 
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Figure 5. Data Format (Sheet 2 of 2) 



/JPD765A 



A(PD7265A 



Note: Read 

Write 



-ff- 



GAP 4a 


lAM 


GAP1 


ID 


GAP 2 


DATA 


GAP 3 


»( 


GAP 4b 



"w 



/ V 



Index 


_y V 




/ 


\ 




J \- 














Format 


GAP1 


ID 1 GAP 2 


DATA j GAP 3 


ID 1 GAP 2 1 


4 


1 GAP 4 1 
















Vco SYNC 




\ ^ 


\ / 


~A m 


--) 












WE 


/ 




r 

1 


-^ 





E 
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NEC 

NEC Electronics Inc. 



jL(PD72065/66 

SINGLEIDOUBLE DENSITY 

FLOPPY DISK CONTROLLERS 



Description 

The /iPD72065 is an LSI floppy disk controller (FDC) chip 
which contains the circuitry and control functions for 
interfacing a processor to 4 floppy disk drives. It is capa- 
ble of either IBM 3740 single density format (FM), or IBM 
System 34 double density format (MFM) including 
double-sided recording. The ^PD72065 provides control 
signals which simplify the design of an external phase- 
locked loop and write precompensation circuitry. The 
FDC simplifies and handles most of the burdens asso- 
ciated with implementing a floppy disk interface. 

The /iPD72066 is an addition to the FDC family that has 
been designed specifically for the Sony Micro Floppy- 
disk® drive. The ^PD72066 is pin-compatible and elec- 
trically equivalent to the 72065 but utilizes the Sony re- 
cording format. The /iPD72066 can read a diskette that 
has been formatted by the ^PD72065. 

Hand-shaking signals are provided in the jiPD72065/ 
/iPD72066 which make DMA operation easy to incorpo- 
rate with the aid of an external DMA controller chip, 
such as the jljPD8257. The FDC will operate in either the 
DMA or non-DMA mode. In the non-DMA mode the FDC 
generates interrupts to the processor every time a data 
byte is to be transferred. In the DMA mode, the proces- 
sor need only load the command into the FDC and all 
data transfers occur under control of the FDC and DMA 
controllers. 

The FDC is designed using CMOS technology. In addi- 
tion to a low normal operating current, a standby mode 
can be software-enabled to provide minimal current 
drain when the FDC is not in use. 

There are 18 commands which the /iPD72065//iPD72066 
will execute. Each of these commands requires multiple 
8-bit bytes to fully specify the operation which the proc- 
essor wishes the FDC to perform. The following com- 
mands are available: 



Read Data 
Read ID 
Specify 
Read Track 
Scan Equal 
Scan High or Equal 
Scan Ijow or Equal 
Set Standby 
Reset Standby 



Read Deleted Data 
Write Data 
Format Track 
Write Deleted Data 
Seek 

Recalibrate 
Sense Interrupt Status 
Sense Drive Status 
Software Reset 



Features 

Address mark detection circuitry is internal to the FDC 
which simplifies the phase-locked loop and read elec- 
tronics. The track stepping rate, head load time, and 
head unload time are user-programmable. The 
jiPD72065/MPD72066 offers additional features such as 
multi-track and multi-side read and write commands 
and single and double density capabilities. 

D Sony (EMCA)-compatible recording format 

(mPD72066) 
D IBM-compatible format (single and double 

density) (mPD72065) 
D Multi-sector and multi-track transfer capability 
n Drive Up to 4 floppy or micro f loppydisk drives 
D Data scan capability— will scan a single sector or 

an entire cylinder comparing byte-for-byte host 

memory and disk data 
D Data transfers in DMA or non-DMA mode 
D Programmable stepping rate, head load and head 

unload times 
n Parallel seek operations on up to four drives 
D Compatible with jiPD8080/85, f^PD8086/88 and 

)iPD780 (Z80®) microprocessors 
n Single-phase clock (8 MHz (standard floppy) or 

4 MHz (minifloppy) 
D CMOS technology 
D Single -1-5 V± 10% power supply. 

Ordering Information 



E 



Device Number 


Package lype 


MaxFraq. 
of Operation 


MPD72065C 


40-pin plastic DIP 


8IVIHZ 


jiPD72065G 


52-pin plastic miniflat 


8 MHz 


HPD72066C 


40-pin plastic DIP 


8 MHz 


fiPD72066G 


52-pin plastic miniflat 


8 MHz 


A<PD72065L 


44-pin PLCC 


8 MHz 


fiPD72066L 


44-pin PLCC 


8 MHz 



*Sony Micro Floppydisk is a registered trademark of Sony. 
*Z80 is a registered trademark of ttie Zilog Corporation. 
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Pin Configurations 

40-pin DIP 



44pin PLCC 



RESET C 


1 ^^ 


J 40 


3 Vcc 




RDC: 


2 


39 


2 RW/SEEK 




WR C 


3 


38 


1 LCT/DIR 




CSC 


4 


37 


3 FLTR/STEP 




AoC 


5 


36 


3 HOLD 




DBo € 


6 


35 


D READY 




DBi C 


7 


34 


1 WPRT/2SIDE 




DB2C 


8 


33 


DTRKO 




DB3C 


9 g 32 


2 PSo 




DB4C 


10 g 31 


3 PS, 




DB5 C 


11 


S 30 


2 WDATA 




DBe C 


12 "^ 29 


H USo 




DB7 C 


13 


28 


3 USi 




DRQC 


14 


27 


D SIDE 




DACK E 


15 


26 


3 MFM 




TCC 


16 


25 


3 WE 




INDEX C 


17 


24 


3 SYNC 




INTC 


18 


23 


3 RDATA 




tc 


19 


22 


D WINDOW 




GND C 


20 


21 


3 WCK 


83-001275A 











52-p/n Miniflat 





o 
u< trmSmSSmSSu 




NC rrr 
iDxrrr 


''52 40 ^ 
1Q 


IDAo 

nncs 


iNTrrr 

ton 

NC nn 




Tn WR 

nn RD 

Tn RESET 


GND on 
icon 

GND [EC 


HPD72065;66 


npvcc 

Tnic 

nnvcc 


GND on 
WCK on 
RDW on 
RDD an 




ID Vcc 

TTI RW;SEEK 
ID LCT/DIR 
Tn FR/STP 


SYNC on 


13 27 

l^ 14 26 J 


TTI HDL 




= " * 5 1 


83-003340A 





S 


18 


11 


* RD 
■* RESET 
t Vcc 




111 

li 


1 


1 

u. 

1 r" 


X 
TUI V 




( 


L J 


L J 


L J 




L J L J L J 


L J 


1 1 

L J 


L J 


r r 
L J 


ri > 

L J 




DBo 


r.]7^ 






1 




44 








40 ^., 


RDY 


DBi 


!_ _] 
















U ] 


WP/TS 


DB2 


2_ J 
















u_i 


FLT/TRo 


DB3 


' — 1 
















i__ ! 


PSo 


DB4 


rn 
















u_ ' 


1 ""^ 


DBS J 


l — I 






MPD72065/66 








l__i 


' WDA 


DBS J 


[in 
















( — j 


USo 


DB7 


Jin 


















USi 


DRQ 


jin 
















l__i 


SIDE 


DACK 


Jin 
















r- ■: 


MFM 


TC 


3"] 17 
''--' 18 
















29["? 
28 "--^ 


WE 




r T 


r 1 


r 1 

1 1 


r T r 1 r-\ 
1 1 1 1 1 1 


r 1 
1 1 


r T 
1 1 


r 1 
1 1 


r 1 
1 1 


r 1 






\ rt, 

1 


JnL 


JTL 


Jnt-jnt-riL 

Q 

z z z 

C5 


Q 

z 
a 


JTN. 


JrS. 


-mi. 

a 
a 


jm / 



z 


83^3341A 



Pin Identification 



40-pin DIP 



No. 


Symbol 


Function 


1 


RESET 


Reset input 


2 


RD 


Read control input 


3 


WR 


Write control input 


4 


CS 


Ciiip select input 


5 


Ao 


Data or status select Input 


6-13 


DB0-DB7 


Bidirectional data bus 


14 


DRQ 


DMA request output 


15 


DACK 


DMA acknowledge input 


16 


TC 


Terminal count Input 


17 


IDX 


Index input 


18 


INT 


Interrupt request output 


19 


^ 


Clock input 


20 


GND 


Ground 


21 


WCK 


Write clock input 


22 


ROW 


Read data window input 


23 


RDD 


Read data input 


24 


SYNC 


VCC sync output 


25 


WE 


Write enable output 


26 


MFM 


MFM output 
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Pin Identification (cont) 

40-pin DIP 



52-pin Miniflat (cont) 



No. 


Symbol 


Function 


27 


SIDE 


Side select output 


28,29 


USq, USi 


FDD unit select output 


30 


WDA 


Write data output 


31,32 


PSo, PSi 


Preshift output 


33 


FLT/TRo 


Fault/track zero input 


34 


WP/TS 


Write protect /two side input 


35 


RDY 


Ready input 


36 


HDL 


Head load output 


37 


FR/STP 


Fault reset /step output 


38 


LCT/DIR 


Low current direction output 


39 


RW/SEEK 


Read /write /seek output 


40 


Vcc 


DC power 


52-pin Miniflat 


No. 


Symbol 


Function 


1, 5, 14, 
26, 40, 52 


NC 


No connection 


2 


IDX 


Index input 


3 


INT 


Interrupt request input 


4 


+ 


Clock input 


6,8,9 


GND 


Ground 


7,33 


IC 


Internal connection 


10 


WCK 


Write clock input 


11 


ROW 


Read data window input 


12 


RDD 


Read data input 


13 


SYNC 


VFO sync output 


15 


WE 


Write enable output 


16 


MFM 


MFM output 


17 


SIDE 


Side select output 


18,19 


USq, USi 


FDD unit select output 


20 


WDA 


Write data output 


21,22 


PSo. PSi 


Preshift output 


23 


FLT/TRo 


Fault/trackO input 


24 


WP/TS 


Write protect /two side input 


25 


RDY 


Ready input 


27 


HDL 


Head load output 


28 


FR/STP 


Fault reset /step output 


29 


LCT/DIR 


Low current / direction output 


30 


RW/SEEK 


Read /write /seek output 


31, 32, 34 


Vcc 


DC power 


35 


RESET 


Reset input 



No. 


Symbol 


Function 




36 


RD 


Read control input 




37 


WR 


Write control input 




38 


CS 


Chip select input 




39 


Aq 


Data or status select input 




41-48 


DB0-DB7 


Bidirectional data bus 




49 


DRQ 


DMA request output 




50 


DACK 


DMA acknowledge input 




51 


TC 


Terminal count input 




44-pin 


PLCC 






No. 


Symbol 


Function 




1,44 


Vcc 


DC power 




2 


RESET 


Reset input 




3 


RD 


Read control input 




4 


WR 


Write control input 




5 


CS 


Chip select input 




6 


Ao 


Data or status select input 




7-14 


DB0-DB7 


Bidirectional data bus 




15 


DRQ 


DMA request output 




16 


DACK 


DMA acknowledge input 




17 


TC 


Terminal count Input 




18 


IDX 


Index input 




19 


INT 


Interrupt request Input 




20 


^ 


Clock input 




21 


NC 


No connection 




22-24 


GND 


Ground 




25 


WCK 


Write clock input 




26 


RDW 


Read data window input 




27 


RDD 


Read data input 




28 


SYNC 


VFO sync output 




29 


WE 


Write enable output 




30 


MFM 


MFM output 




31 


SIDE 


Side select output 




32,33 


USq, USi 


FDD unit select output 




34 


WDA 


Write data output 




35.36 


PSo. PSi 


Preshift output 




37 


FLT/TRo 


Fault/trackO input 




38 


WP/TS 


Write protect /two side input 





E 
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Pin Identification (cont) 



44-pin PLCC (cont) 




No. Symbol 


Function 


39 RDY 


Ready input 


40 HDL 


Head load output 


41 FR/STP 


Fault reset /step output 


42 LCT/DIR 


Low current /direction output 


43 RW/SEEK 


Read /write /seek output 



Pin Functions 

RESET (Reset) 

A high input piaces the mPD72065/72066 in standby 
mode and sets drive interface outputs to iow level (ex- 
cept PSo, PSi, and WDATA). In the main system, INT and 
DRQ are set to iow levei, and DB0-DB7 are set as inputs. 

RD (Read Strobe) 

The RD input ailows the transfer of data from the FDC to 
the data bus when low. Disabled when CS is high. 

Wr (Write Strobe) 

The Wr input allows the transfer of data t^the FDC 
from the data bus when low. Disabled when CS is high. 

Ao (Data /Status Select) 

The Ao input selects the data register (Aq = 1) or status 
register (Aq = 0) contents to be sent to the data bus. 

CS (Chip Select) 

The FDC is selected when CS is iow, enabling RD, WR, 
andAo- 

DB0-DB7 (Data Bus) 

DB0-DB7 are a directional three-state 8-bit data bus. 
Disabled when CS is high. 

DRQ (DMA Request) 

The FDC asserts the DRQ output high to request a DMA 
transfer. 



DACK (DMA Acknowledge) 



When the DACK input is low, a Df\/IA cycle is active and 
the controller is performing a DMA transfer. 
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TC (Terminal Count) 

When the TC input is high, it indicates the termination of 
a DMA transfer. It terminates data transfer during Read/ 
Write/Scan commands in DMA or interrupt mode. 

I DX (Index) 

The IDX input goes high at the beginning of a disk track. 

INT (Interrupt) 

The INT output is FDC's interrupt request. 

<!> (Clock) 

(|> is the input for the FDC's single-phase, 8 MHz (stand- 
ard floppy) or 4 MHz (mini floppy) clock. 

WCK (Write Clock) 

The WCK input sets the data read and write rate. Syn- 
chronize the rising edge of WCK with the rising edge of 
<t>. FM = 16 (}> cycles; M FM = 8 <|> cycles. 

RDW (Read Data Window) 

The RDW input is generated by the VFO circuit, it is 
used to sample clock and data bits of RDD. 

RDD (Read Data) 

The RDD input is the read data from the FDD, containing 
clock and data bits. Input RDD and RDW during a data 
read, or the FDD will enter a deadlock state. 

WDA (Write Data) 

WDA is the serial clock and data output to the FDD. 

WE (Write Enable) 

The WE output enables write data into the FDD. 

SYNC (VFO Sync) 

SYNC outputs the functional mode of the FDD. A high 
output indicates read and a low output inhibits read. 

MFM(MFMMode) 

The MFM output shows the FDD's mode. It is high for 
MFM, lowforFM. 

SIDE (Side Select) 

Head 1 is selected when the SIDE output is 1 (high), head 
is selected when SIDE is (low). 



NEC 
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Pin Functions (cont) 

USo,USi (Unit Select 0,1) 

The USo and USi outputs select the floppy disk drive 
unit. 

PSo,PSi(PreshiftO,1) 

The PSo and PSi outputs are the write precompensation 
status for MFM mode. They determine early, late, and 
normal times. 

RDY (Ready) 

The RDY input indicates that the FDD Is ready to receive 
data. 

HDL (Head Load) 

The HDL output is the command which causes the 
read/write head In the FDD to contact the diskette. 

FLT/TRo (Fault /Track 0) 

In the read/write mode, the FLT input detects FDD fault 
conditions. In the seek mode, TRq detects track 0. 

WP/TS (Write Protect/Two Side) 

In the read /write mode, the WP input senses write pro- 
tected status. In the seek mode, TS senses two-sided 
media. 



FR/STP (Fault Reset/Step) 

In the read /write mode, the FR output resets the fault 
flip-flop in the FDD. In the seek mode, STP outputs step 
pulses to move the head to another cylinder. A fault re- 
set pulse (FR) is Issued at the beginning or each Read or 
Write command prior to the H DL signal. 

LCI/ DIR (Low Current/ Direction) 

When RW/SEEK specifies RW, this output becomes 
LCT, indicating the read/write head of the drive is se- 
lecting a cylinder beyond the 43rd cylinder. When RW/ 
SEEK specifies SEEK, this pin becomes DIR, specifying 
the direction of the seek operation. A low signal indi- 
cates output and a high signal indicates input. 

RW/SEEK (Read/Write/Seek) 

The RW/SEEK output specifies the read /write mode 
when low, and the seek mode when high. 

GND (Ground) 

Ground. 

Vcc(+5V) 

-1-5 V power supply. 



E 
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Block Diagram 



DB0-DB7 



O 



Data Bus 
Buffer 



o 



Terminal Count 
DRQ 

Back 

INT 

no 

WR 

Ao 

Reset 

CS 
CLK ■ 

vdd 

QNO 





i 


., 




— ^o 




— »-o 
— ^o 


Read/ 
Write; 

DMA 
Control 

Logic 







o 



o 



o 



Registers 



Serial 
Interface 
Controller 



WR Clock 

WR Data 

WR Enable 

PreshlftO 

Preshlfti 

RD Data 

Read Data Window 

VCOSync 




Ready 

LoW Current/ Direction 

Index 

Fault/Track 



Unit Select 

Unit Select 1 

FMFMode 

RW/Seek 

Head Load 

Head Select 

Write Protect/IWo Side 

Fault Reset/Step 



Absolute Maximum Ratings 

Ta = 25»C 




Power supply voltage, Vcc 


- 0.5 to +7 V 


Input voltage, V| 


-0.5toVDD+0.3V 


Output voltage, Vq 


-0.5toVDD+0.3V 


Operating temperature, Tqpt 


-10»Cto+70''C 


Storage temperature, Tsjg 


-65°Cto+125°C 


Power dissipation, Pq 


50 mW 



Comment: Exposing the device to stresses above those listed In Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



Capacitance 

Ta = 2500, fc = 1 MHz, Vcc = V 





Symlral 




Limits 




Unit 


Test 


Parameter 


Min 


lyp 


Max 


Conditions 


Input clock 
capacitance 


C|n{*) 






20 


PF 


(Note 1) 


Input 
capacitance 


C|N 






10 


PF 


(Note 1) 


Output 
capacitance 


Cqut 






20 


pF 


(Note 1) 



Note: 

(1) All pins except pin under test tied to AC ground 
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DC Characteristics 

Ta= -10°Cto +70°C,Vcc= +5V±10% unless otherwise specified 



AC Characteristics (cent) 

Ta= -10°Cto +70°C, Vcc= +5V±10% unless otherwise specified 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mln 


TVp 


Max 


Conditions 


Input voltage 
low 


V|L 


-0.5 




+0.8 


V 




Input voltage 
tiigh 


V|H 


2.2 




vcc+0.; 


3 V 




Output voltage 

\0\N 


Vol 






0.45 


V 


IOL=2.0mA 


Output voltage 
high 


VOH 


2.4 




Vcc 


V 


Ioh=-200mA 


Supply current 


Idd 




3 


10 


mA 




(Vcc) 


Iddi 




0.7 


2 


mA 




Input load 
current high 


lUH 






10 


f.A 


V|N = Vcc 


Input load 
current low 


luL 






-10 


^ 


V|N = OV 


Output leakage 
current high 


Iloh 






10 


mA 


VouT=Vcc 


Output leakage 
current low 


Ilol 






-10 


^iA 


VouT=+0.45V 


AC Characteristics 

Ta= -10°CtO +70°C,Vcc = 


> 

+5V± 


10% unless otherwise specified 




Symbol 




Limits 




Unit 


Test 


Parameter 


Mln 


TVp 


Max 


Conditions 



Clock period <ticY 



120 


125 


500 


ns 


(Note 4) 




125 




ns 


8" FDD 




250 




ns 


51/4" FDD 







125 




ns 


3V2" Sony 
(Note 3) 


Clock active 
(high, low) 


h 


40 




ns 




Clock rise time 


+r 




20 


ns 




Clock fall time 


^f 




20 


ns 




Aq, cs, dack 
setup time to 
RDI 


Iar 







ns 




Aq, cs, dack 
hold time from 
RDt 


Ira 







ns 




RD width 


Irr 


200 




ns 




Data access time Ird 
from RD4 




140 


ns 


CL=100pF 


DBtofloat_delay \of 
time from RDt 


10 


85 


ns 


Cl=100pF 


Aq, cs, dack 
setup time to 
WRi 


Iaw 







ns 







Symbol 




Limits 




Unit 


Test 


Parameter 


Mln 


TVp 


Max 


Conditions 


Aq, cs, dack 
hold time to 
WRt 


tWA 









ns 




WR width 


tww 


200 






ns 




Data setup time 
to WRt 


tow 


100 






ns 




Data hold time 
from WRt 


%D 









ns 




INT delay time 
from RDt 


tRI 






400 


ns 




INT delay time 
from WRt 


%! 






400 


ns 




DRQ cycle time 


tMCY 


13 






HS 


it>CY= 125 ns 
(Note 4) 


DACKI — 
DRQ 1 delay 


Iam 






140 


ns 




DROt^ 
DACKi delay 


Ima 


200 






ns 


<t>cY = 125ns 
(Note 4) 


DACK width 


tAA 


2 






'I'CY 




TC width 


tjc 


1 






'i'GY 




Reset width 


Irst 


14 






't'CY 





WCK cycle time tcY 



16 


■t'CY ivifm = 0,51/4" 


8 


<t>cY 1VIFM = 1,51/4" 


8 


■t'CY MFM = 0, 8" 


4 


<j>CY MFM = 1,8" 


8 


<j>CY MFM = 0,31/2" 
(Note 3) 



E 







4 




"t'CY 


MFM = 1,31/2" 
(Note 3) 


WCK active time 
(high) 


to 


2 




"t'CY 




CLKt-* 
WCKt delay 


ICWH 





40 


ns 




CLKt^ 
WCKI delay 


tCWL 





40 


ns 




WCK rise time 


tr 




20 


ns 




WCK fall time 


tf 




20 


ns 




Preshift delay 
time from WCKt 


icp 


10 


80 


ns 




WCKt^ 
WE t delay 


ICWE 


10 


80 


ns 




WDA delay time 
from WCKt 


ICD 


10 


80 


ns 




RDD active time 
(high) 


Irdd 


40 




ns 
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AC Characteristics (cent) 

Ta= -10°Cto +70°C,Vcc= +5V±10% unless otherwise specif led 



Limits 



Paranwter Symbol MIn lyp Max Unit 



Test 
Conditions 



Window cycle tv^/cY 
time 



4 


MS 


MFM = 0,51/4" 


2 


MS 


MFM =1,51/4" 


2 


t^s 


MFM=0,8" 


1 


MS 


MFM = 1,8" 


2 


ixs 


MFM = 0,31/2" 
(Note 3) 





1 


IXS 


MFM = 1,31/2" 
(Note 3) 


Window hold Irdvi/ 
tImetoRDD 


15 


ns 




Window hold t^RD 
time from RDD 


15 


ns 




USq 1 hold time tjg 
toRW/seekt 


12 


ns 


8 MHz clock period 
(Note 4) 


RW/ seek hold tso 
time to low 
current /direction! 


7 


IAS 


8 MHz clock period 
(Note 4) 


Low current/ Iqst 
direction hold 
time to fault 
reset /slept 


1.0 


IXS 


8 MHz clock period 
(Note 4) 


USq, 1 hold time tsju 
from' fault 
reset/ step 1 


5.0 


IXS 


8 MHz clock period 
(Note 4) 


Step active time tsjp 
(high) 


6 7 


8 IXS 


(Note 4) 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


Max 


Conditions 


Step cycle time 


tsc 


33 


(2) 


(2) 


IXS 


(Note 4) 


Fault reset active tpR 
time (high) 


8.0 




10 


IXS 


(Note 4) 


Write data width 


tWDD 


to-50 






ns 




USq, 1 hold time 
after seek 


tsu 


15 






IXS 


8 MHz clock period 
(Note 4) 


Seek hold time 
from DIR 


Ids 


30 






IXS 


8 MHz clock period 
(Note 4) 


DIR hold time 
after step 


tSTD 


24 






IXS 


8 MHz clock period 
(Note 4) 


Index pulse 
width 


t|DX 


10 






kY 




RD 'I delay from 
DRQ 


tMR 


1 






ky 


8 MHz clock period 
(Note 4) 


WR^ delay from 
DRQ 


tjVIW 


250 






ns 


8 MHz clock period 
(Note 4) 


WEorRD 
response time 
from DRQt 


tMRW 






12 


IXS 


8 MHz clock period 
(Note 4) 



Note: 

(1) Typical values for Ta = 25 °C and nominal supply voltage. 

(2) Under software control. The range is from 1 ms to 16 ms at 8 MHz 
clock period, and 2 ms to 32 ms at 4 MHz clock period. 

(3) Sony Micro Floppydisk 31/2" drive. 

(4) Double these values for a 4 MHz clock period. 



Timing Waveforms 

Processor Read Operation 



Processor Write Operation 
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Timing Waveforms (cont) 

<t>, WCK Timing 




Clocl( 




DMA Operation 



^' 



-tMA- 



^. 



r 



/ 
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-tMW(WR)- 
-tMR(RD)- 



-\ / 



FDD Write Operation 
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1 
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1 





invalid 1 1 



Seeli Operation 



USo,i 



3: 



X 



/ 



liZZZ^l 



step 



\ 



tsu 



.f1= e^"V 



FLT Reset 



Fault Reset = 
File Unsafe Reset 



^"^ ^^\ 



•t|DX- 



FDD Read Operation 



Read 
Data 



^n^ 



n 



-^tRDO 



Read' 
Data 
Window . 



>: 



■^tRDW-» 



X 



-IWCY- 



Note: Either polarity data window is valid. 



Terminai Count 



TC ^ 


r\ 


^ 


— tTC 

83^)03351A 



Reset 



Reset y 


r^ 


^ 


•^ tRST 

83-003352A 
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Internal Registers 

The (/PD72065/fiPD72066 contains two registers wliich 
may be accessed by the main system processor: a sta- 
tus register and a data register. The 8-bit main status 
register contains the status information of the FDC, and 
may be accessed at any time. The 8-bit data register 
(which actually consists of four registers, ST0-ST3, in a 
stack with only one register presented to the data bus at 
a time), stores data, commands, parameters, and FDD 
status information. Data bytes are read out of, or written 
into, the data register in order to program or obtain the 
results after a particular command (table 3). Only the 
status register may be read and used to facilitate the 
transfer of data between the processor and fiPD72065/ 
MPD72066. 

The relationship between the status/data registers and 
the signals RD, WR, and Aq is shown in table 1. 



Tablet 


status/ Data Register Addressing 


Ao 


RD 


WR 


Function 








1 


Read main status register 





1 





Reset commands 











iilegai 


1 








Illegal 


1 





• 1 


Read from data register 


1 


1 





Write into data register 



The bits in the main status register are defined in 
table 2. 



Table 2. 


Main Status Register 


Pin 


No. 


Name 


Function 


DBo 


DqB 

(FDD Busy) 


FDD number is in the seek mode. If any 
of the DpB bits is set FDC will not accept 
read or write command. 


DBi 


DiB 

(FDD 1 Busy) 


FDD number 1 is in the seel< mode, it any of 
the DpB bits is set FDC will not accept read 
or write command. 


DB2 


D2B 

(FDD 2 Busy) 


FDD number 2 is in the seel< mode, if any 
of the DnB bits is set FDC will not accept 
read or write command. 


DBs 


D3B 

(FDD 3 Busy) 


FDD number 3 is in the seek mode. If any 
of the DfiB bits is set FDC will not accept 
read or write command. 


DB4 


CB 

(FDC Busy) 


A Read or Write command is in process. 
FDC will not accept any other command. 



DB5 EXM This bit is set only during execution phase 

(Execution Mode) in non-DMA mode. When DB5 goes low, 

execution phase has ended and result 

phase has started, it operates only during 

non-DMA mode of operation. 



Table 2. Main Status Register (cont) 



Pin 



No. 



Name 



Function 



DBs 



DIG 

(Data Input /Output) 



Indicates direction of data transfer be- 
tween FDC and data register If DI0=1, 
then transfer is from data register to the 
processor. If DIO=0, then transfer is from 
the processor to data register. 



DB7 ROM Indicates data register is ready to send or 

(Request for Master) receive data to or from the processor. Both 
bits DIG and ROM should be used to per- 
form the hand-shaking functions of 
"ready" and "direction" to the processor. 

The DIO and RQM bits in the status register indicate 
when data is ready and in which direction data will be 
transferred on the data bus. The maximum time be- 
tween the last RD or WR during a command or result 
phase and DIO and RQM getting set or reset is ^2|AS. For 
this reason every time the main status register is read 
the CPU should wait 12/iS. The maximum time from the 
trailing edge of the last RD in the result phase to when 
DB4 (FDC busy) goes low is 12 /ns. See figure 1. 

Figure 1. DIO and RQM 



Out FDC and into Processor 



Data In/Out 
(DIO) 



Request for 

Master 

(RQM) 



Out Processor and into FDC 



Ready 



' Kin* ■ ■ 



Not 
Ready 



I I I 



I I 
I I 



^r^ 



1 1 



1 1 
I 1 1 



A 


B 


A 


B 


A 


C 


D 


C 


D 


B 


A 



Notes: 

A- Data register ready to be written Into by processor. 

B- Data register not ready to be writen into by processor. 

0- Data register ready for next data byte to be read by processor. 

D- Data register not ready to be read by processor. 



6306 83W3363A 
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Table 3. Status Register Identification 



Pin 



No. 



Name 



Function 



Status Register 



D7, De ic 

(Interrupt Code) 



D7=0anclD6=0 

Normal termination of command, (NT). 

Command was completed and properly 

executed. 

D7=0andD6=1 

Abnormal termination of command, (AT). 
Execution of command was started but 
was not successfully completed. 

07 = 1 and D6=0 

Invalid command issue, (IC). Command 

whicti was issued was never started. 

D7=1andD6=1 

Abnormal termination because during 
command execution the ready signal from 
FDD changed state. 



D5 



SE 
(Seek End) 



When the FDC completes the Seek 
command, this flag is set to 1 (high). 



D4 



EC 

(Equipment Check) 



If a fault signal is received from the FDD, 
or if the track signal fails to occur after 
77 step pulses (Recalibrate Command) 
then this flag is set. 



D3 NR 

(Not Ready) 



When the FDD is in the not-ready state 
and a Read or Write command is issued, 
this flag is set. If a Read or Write com- 
mand Is issued to side 1 of a single-sided 
drive, then this flag is set. 



D2 


HD 

(Head Address) 


This flag is used to indicate the state of 
the head at interrupt. 


D1 


USi 

(Unit Select 1) 


This flag is used to indicate a drive unit 
number at interrupt. 


Do 


USo 

(Unit Select 0) 


This flag is used to indicate a drive unit 
number at interrupt. 


Status Register 1 


D7 


EN 

(End of Cylinder) 


When the FDC tries to access a sector 
beyond the final sector of a cylinder, this 
flag is set. 


De 




Not used. This bit is always (low). 


D5 


DE 

(Data Error) 


When the FDC detects a CRC(1) error in 
either the ID field or the data field, this 
flag is set. 


D4 


OR 
(Overrun) 


If the FDC is not serviced by the host 
system during data transfers within a 
certain time interval, this flag is set. 


D3 




Not used. This bit Is always (low). 



Pin 




No. Name 


Function 


Status Register 1 (cent) 



D2 ND During execution of Read Data, Write 

(No Data) Deleted Data or Scan command , if the 

FDC cannot find the sector specified in 
the IDR(2) Register, this flag is set. 

During execution of the Read ID com- 
mand, if the FDC cannot read the ID field 
without an error, then this flag is set. 

During execution of the Read A Cylinder 
command, if the starting sector cannot be 
found, then this flag is set. 



Di NW 

(Not Writable) 



During execution of Write Data, Write 
Deleted Data or Format A Cylinder com- 
mand, if the FDC detects a write protect 
signal from the FDD, then this flag is set. 



Do MA 

(IVIissing Address 
IVIark) 



If the FDC cannot detect the data address 
mark or deleted data address mark, this 
flag is set. Also at the same time, the MD 
(missing address mark in data field) of 
status register 2 is set. 



Status Register 2 



D7 



Not used. This bit is always (low). 



Dg CIVI 

(Control Mark) 



During execution of the Read Data or 
Scan command, if the FDC encounters a 
sector which contains a deleted data 
address mark , th is flag is set . 



E 



D5 DD 

(Data Error in 
Data Field) 



If the FDC detects a CRC error in the data 
field then this flag is set. 



D4 WC 

(Wrong Cylinder) 



This bit is related to the ND bit, and when 
the contents of C(3) on the medium is 
different from that stored In the IDR, this 
flag is set. 



D3 SH 

(Scan Equal Hit) 



During execution of the Scan command, if 
the condition of "equal" is satisfied, this 
flag is set. 



D2 SN 

(Scan Not Satisfied) 



During execution of the Scan command, If 
the FDC cannot find a sector on the 
cylinder which meets the condition, then 
this flag Is set. 



Di BC 

(Bad Cylinder) 



This bit is related to the ND bit, and when 
the contents of C on the medium is 
different from that stored in the IDR and 
the contents of C is FFH, then this flag is 
set. 



Dq MD When data is read from the medium, if 

(Missing Address the FDC cannot find a data address mark 
Mark in Data Field) or deleted data address mark, then this 
flag is set. 
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Tables. 


Status Register Identification (cont) 


Pin 


No. 


Name 


Function 


Status Register 3 


D? 


FT 
(Fault) 


This bit is used to indicate the status of 
the fault signal from the FDD. 


De 


WP 

(Write Protected) 


This bit is used to indicate the status of 
the write protected signal from the FDD. 


Ds 


RY 
(Ready) 


This bit is used to indicate the status of 
the ready signal from the FDD. 


D4 


TO 
(Track 0) 


This bit is used to indicate the status of 
the track signal from the FDD. 


D3 


TS 
(Two-Side) 


This bit is used to indicate the status of 
the two-side signal from the FDD. 


D2 


HD 

(Head Address) 


This bit Is used to indicate the status of 
the side select signal to the FDD. 


Dl 


USi 

(Unit Select 1) 


This bit is used to indicate the status of 
the unit select 1 signal to the FDD. 


Do 


USo 

(Unit Select 0) 


This bit is used to indicate the status of 
the unit select signal to the FDD. 



Note: 

(1) CRC = Cyclic Redundancy Check 

(2) IDR= Internal Data Register 

(3) Cylinder (C) is described more fully In the Command Symbol 
Description. 

Standby Mode 

The MPD72065/fiPD72066 can be placed in a low-power 
standby mode by issuing the SET STANDBY command. 
During standby mode, the main status register will con- 
tain all zeros. After standby mode is disabled, RQM (Re- 
quest for Master) in the main status register will be set 
to 1, indicating that the mPD72065/72066 is available for 
use. During standby mode, it is only necessary to main- 
tain clock on pin 19. All disk control signals will be 
inactive. 

To further reduce system power dissipation, it is possi- 
ble to stop the clock on pin 19 as well by the following 
procedure. 

(1) Issue SET STANDBY command. 

(2) Wait for 32 clock periods, minimum. 

(3) The clock may then be stopped. 

To resume normal operation, the clock must be re- 
started. After 24 clock periods, the RESET STANDBY 
command may be issued. 

All internal registers and I/O ports are held constant. 
Vdd iT^ust be maintained at normal levels. 



Command Sequence 

The juPD72065//iPD72066 is capable of performing 18 
different commands. Each command is initiated by a 
multibyte transfer from the processor, and the result af- 
ter execution of the command may also be a multibyte 
transfer back to the processor. Because of this multi- 
byte interchange of information between the pjPD72065/ 
/:iPD72066 and the processor, it is convenient to 
consider each command as consisting of three phases: 

Command The FDC receives ail information re- 
Phase: quired to perform a particular opera- 
tion from the processor. 

Execution The FDC performs the operation it 
Phase: was instructed to do. 

Result Phase: After completion of the operation, 
status and other housekeeping infor- 
mation are made available to the 
processor, 
table 4 shows the required preset parameters and 
results for each command. Most commands require 9 
command bytes and return 7 bytes during the result 
phase. The "W" to the left of each byte indicates a com- 
mand phase byte to be written, and an "R" indicates a 
result byte. The definitions of other abbreviations used 
in table are given in the Command Symbol Description 
table. 

Command Symbol Description 



Name 


Function 


Ao 

(Address Line 0) 


Aq controls selection of main status register 
(Ao=0) or data register (Ao=1). 


C 

(Cylinder Number) 


C stands for the current /selected cylinder 
(track) numbers through 76 of the medium. 


D 
(Data) 


D stands for the data pattern which is going to be 
written into a sector. 


D7-D0 
(Data Bus) 


8-bit data bus, where D7 stands for a most 
significant bit, and Dq stands for a least 
significant bit. 


DTL 

(Data Length) 


When N is defined as 00, DTL stands for the data 
length which users are going to read out or write 
into the sector. 


EOT 

(End of Track) 


EOT stands for the final sector number on a cylin- 
der. During read or write operations, FDC will stop 
data transfer after a sector number equal to EOT 



GPL 

(Gap Length) 



GPL stands for the length of gap 3. During Read/ 
Write commands this value determines the num- 
ber of bytes that VCO sync will stay low after two 
CRC bytes. During Format command it deter- 
mines the size of gap 3. 
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Command Symbol Description (cont) 



Name 


Function 


H 

(Head Address) 


H stands for head number or 1, as specified in 
ID field. 


HD 
(Head) 


HD stands for a selected head number or 1 and 
controls the polarity of pin 27. (H = HD in all com- 
mand words.) 


HLT 

(Head Load Time) 


HLT stands for the head load time in the FDD (2 to 
254 ms in 2 ms increments). 


HUT 

(Head Unload Time) 


HUT stands for the head unload time after a Read 
or Write operation has occurred (16 to 240 ms in 
16 ms increments). 


IVIF 

(FM or IVIFM Mode) 


If MF is low, FM mode is selected, and if it is high, 
MFM mode is selected. 


MT 
(Multitracl<) 


IF MT is high, a multitrack operation is per- 
formed. If MT=1 after finishing read /write oper- 
ation on side 0, FDC will automatically start 
searching for sector 1 on side 1. 


N 
(Number) 


N stands for the number of data bytes written in a 
sector. 


NCN 

(New Cylinder Number) 


NCN stands for a new cylinder number which is 
going to be reached as a result of the seek opera- 
tion; desired position of head. 


ND 

(Non-DMA Mode) 


ND stands for operation In the non-DMA mode. 


PCN PCN stands for the cylinder number at the 
(Present Cylinder Number) completion of Sense Interrupt Status command, 
position of head at present time. 



Name 


Function 


R 
(Record) 


R stands for the sector number which will be read 
or written. 


R/W 
(Read /Write) 


R/W stands for either Read (R) or Write (W) 
signal. 


SC 
(Sector) 


SC indicates the number of sectors per cylinder. 


SK 
(Skip) 


SK stands for skip deleted data address mark. 


SRT 

(Step Rate Time) 


SRT stands for the stepping rate for the FDD (1 to 
16 ms in 1 ms increments). Stepping rate applies 
toalldrives(FH=1ms, EH = 2ms, etc.). 



ST0-ST3 
(Status 0-3) 



STP 



USq, USi 
(Unit Select) 



ST0-ST3 stands for one of four registers which 
store the status information after a command has 
been executed. This Information is available dur- 
ing the result phase after command execution. 
These registers should not be confused with the 
main status register (selected by Ao=0). 
ST0-ST3 may be read only after a command has 
been executed and contains information relevant 
to that particular command. 



During a scan operation, if STP=1, the data in 
contiguous sectors is compared byte by byte with 
data sent from the processor (or DMA); and if 
STP= 2, then alternate sectors are read and com- 
pared. 



US stands for a selected drive number or 1. 



E 



Table 4. 


InstrucUon Set 


















Instruction Code 








Phase 


R/W D7 


Do 


D5 D4 D3 D2 


Di 


Do 


Remarics 


Read Data 



Command 



MT 
X 



MF 
X 



SK 
X 




X X 

— C — 

— H — 

— R — 

— N — 

— EOT - 

— GPL - 



1 
HD 



1 

USi USo 



DTL 



Command codes 

Sector ID information prior to command execution. The 4 bytes 
are compared against header on floppy disk. 



Execution 



Data transfer between the FDD and main system 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information after command execution 



Note: 

(1) In the Instruction Code, X = don't care (usually set to 0). 

(2) Aq should be for SET STANDBY, RESET STANDBY, and SOFTWARE 
RESET commands and 1 for all other commands. 
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Table 4. Instruction Set (cont) 



PhaM 



Instruction Code 



R/W 



D7 De D5 D4 D3 Dj D^ Do 



Remarks 



Read Deleted Data 



Command 



MT MF 
X X 



SK 
X 



1 

X X 

— C — 

— H — 

— R — 

— N — 

— EOT - 

— GPL - 

— DTL - 



1 

HD USi USo 



Command codes 

Sector ID information prior to command execution. The 4 bytes 
are compared against iieader on floppy disl<. 



Execution 



Data transfer between ttie FDD and main system 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information after command execution 



Write Data 



Command 



m 

X 



IVIF 
X 




X X 

— c — 

— H — 

— R — 

— N — 

— EOT - 

— GPL - 

— DTL - 



1 1 

HD USi USo 



Command codes 

Sector ID information prior to command execution. Tlie 4 bytes 
are compared against header on floppy disk. 



Execution 



Data transfer between the main system and FDD 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information after command execution 



Write Deleted Data 



Command 



MT 
X 



MF 
X 



1 

X X 

— C — 

— H — 

— R — 

— N — 

— EOT — 

— GPL - 

— DTL - 



1 

HD USi USo 



Command codes 

Sector ID information prior to command execution. The 4 bytes 
are compared against header on floppy disk. 



Execution 



Data transfer between the FDD and main system 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information after command execution 
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Table 4. Instruction Set (cont) 



Phase 



Scan Low or Equal 



Command 



Execution 



Result 



Scan High or Equal 



Command 



Execution 



Result 



Instruction Code 



RfW 



De D5 D4 



D2 Di 



Remarks 



MT 
X 



MF 
X 



SK 
X 



1 1 

X X 

— C — 

— H — 

— R — 

— N — 

— EOT - 

— GPL — 

— STP — 



1 

HD USi USo 



Command codes 

Sector ID information prior to command execution 



Data compared between tiie FDD and main system 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information after command execution 



MT 
X 



MF 
X 



SK 
X 



1 1 

X X 

— C — 

— H — 

— R — 

— N — 

— EOT — 

— GPL — 

— STP — 



1 1 

HD USi USo 



Command codes 

Sector ID information prior to command execution 




Data compared between the FDD and main system 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information after command execution 



Recalibrate 


Command 


W 
W 



X 



X 





X 



X X 


1 



1 

USi 


1 
USo 


Command codes 


Execution 




















Head retracted to track 


Sense interrupt Status 


Command 


W 













1 











Command codes 


Result 


R 
R 


-■ 




— 




STO 

PCN 






- 


Status information about the FDC at the end of seek operation 


Specify 


Command 


W 
W 
W 








SRT 






- HLT 





1 

HUT 


1 
ND 


Command codes 
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Table 4. Instruction Set (cont) 




R/W 








Instruction Code 










Phase 


Dt 


De 


l>5 


D4 D3 


D2 


Dl 


Do 


Remarks 


Sense Drive Status 


Command 


W 

w 



X 



X 



X 



X X 


1 
HD 



USi 



USo 


Command codes 


Result 


R 
















Status Information about FDD 










Seek 


Command 


W 
W 
W 



X 



X 



X 


1 
X X 


1 
HD 


1 

USi 


1 

USo 


Command codes 














Execution 


















Head is positioned over proper cylinder on diskette 


Invalid 


Command 


W 








- Invalid Codes - 








Invalid Command codes (No op — FDC goes Into standby state) 














Result 


R 








STO 






— ► 


ST0=80H 


Set Standby 


Command 
Execution 


W 








1 


1 


1 





1 


Command codes 
Enter standby mode 


Reset Standby 


Command 
Execution 


W 








1 


1 . 


1 








Command codes 
Disable standby mode 


Software Reset 


Command 
Execution 


W 








1 


1 


1 


1 





Command codes 
Same as hardware reset 


Read a Track 



Command 



MF SK 1 
X X X X X HD USi USo 

C • 

H • 

R . 

N • 

EOT • 

GPL * 

DTL ► 



Command codes 

Sector ID Information prior to command execution 



Execution 



Data transfer between the FDD and main system. FDC reads all 
data fields from Index hole to EOT. 



Result 



STO 
ST1 
ST2 

- C - 

- H - 

- R - 

- N - 



Status Information after command execution 



Sector ID Information after command execution 
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Table 4. 


Instruction Set (cont) 














R/W 




Instruction Code 








Phase 


D7 De 


D5 D4 


D3 D2 


Di 


Do 


Remarks 


Read ID 


Command 


w 
w 


MF 
X X 



X X 


1 
X HD 


1 
USi 




USo 


Command codes 


Execution 














The first correct ID information on the cylinder is stored in data 
register. 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information read during execution phase from floppy 
disk. 



Format a Track 



Command 



MF 
X 



1 
X X 

— N — 

— SC — 

— GPL - 

— D — 



1 1 

HD USi USo 



Command codes 

Bytes / sector 
Sectors /track 
Gap 3 
Filler byte 



Execution 



FDC formats an entire track. 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



In this case, the ID information has no meaning 




Scan Equal 



Command 



MT 
X 



MF 
X 



SK 
X 



1 

X X 

— C — 

— H — 

— R — 

— N — 

— EOT — 

— GPL — 

— STP — 



1 

HD USi USo 



Command codes 

Sector ID information prior to command execution 



Execution 



Data compared between the FDD and main system 



Result 



STO 
ST1 
ST 2 

- C - 

- H - 

- R - 

- N - 



Status information after command execution 



Sector ID information after command execution 
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System Configuration 

Figure 2 shows an example of a system using a 
mPD72065/mPD72066. 

Figure 2. System Configuration 
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Processor interface 

During command or result phases the main status reg- 
ister (described earlier) must be read by the processor 
before each byte of information is written into or read 
from the data register. After each byte of data read or 
written to the data register, CPU should wait for 12 /iS be- 
fore reading main status register, bits De and D7 in the 
main status register must be in a and 1 state, respec- 
tively, before each byte of the command word may be 
written into the fiPD72065/juPD72066. IVIany of the com- 
mands require multiple bytes and, as a result, the main 
status register must be read prior to each byte transfer 
to the fiPD72065/jiPD72066. On the other hand, during 
the result phase, De and D7 in the main status register 
must both be 1's (De = 1 and D7 = 1) before reading each 
byte from the data register. Note that this reading of the 
main status register before each byte transfer to the 
pjPD72065//iPD72066 is required only in the command 
and result phases, and nof during the execution phase. 



During the execution phase, the main status register 
need not be read. If the )iPD72065/|iPD72066 is in the 
non-DIVIA mode, then the receipt of each data byte (if 
)iPD72065/p(PD72066 is reading data from FDD) is indi- 
cated by an interrupt signal on pin 18 (INT = 1). The gen- 
eration of a read signal (RD = 0) or write signal (WR = 0) 
will clear the interrupt as well as output the data onto 
the data bus. If the processor cannot handle interrupts 
fast enough (every 13fiS for the MFI\/I mode and 27)us for 
the Fl^ mode), then it may poll the main status register 
and bit D7 (RQiy/l) functions as the interrupt signal. If a 
write command is in process then the WR signal ne- 
gates the reset to the interrupt signal. 

Note that in the non-D!\/IA mode it is necessary to exam- 
ine the main status register to determine the cause of 
the interrupt, since it could be a data interrupt or a com- 
mand termination interrupt, either normal or abnormal. 

If the /iPD72065/^PD72066 is in the DMA mode, no inter- 
rupts are generated during the execution phase. The 
;.tPD72065/^PD72066 generates DRQs (DIVIA requests) 
when each byte of data is available. The DM A controller 
responds to this request with both a DACK = (DMA ac- 
knowledge) and an RD = (re ad sign al). When the DMA 
acknowledge signal goes low (DACK = 0), then the DMA 
request is cleared (DRQ = 0). If a write command has 
been issued then aWR signal will appear instead of RD. 
After the execution phase has been completed (terminal 
count has occurred) or the EOT sector read /written, 
then an interrupt will occur (INT = 1). This signifies the 
beginning of the result phase. When the first byte of 
data is read during the result phase, the interrupt is au- 
tomatically cleared (INT = 0). 



The RD orWR signals should be asserted while DACK is 
true . The CS signal is used in conjunction with RD and 
WR as a gating function during programmed I/O opera- 
tions. CS has no effect during DMA operations. If the 
non-DMA mode is chosen, the DACK signal should be 
pulled up to Vcc- 

It is important to note that during the result phase all 
bytes shown in the instruction set (table 4) must be read. 
The read data command, for example, has seven bytes 
of data in the result phase. All seven bytes must be read 
in order to successfully complete the Read Data com- 
mand. The p(PD72065/juPD72066 will not accept a new 
command until all seven bytes have been read. Other 
commands may require fewer bytes to be read during 
the result phase. 
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The/iPD72065/MPD72066 contains five status registers. 
Tlie main status register mentioned above may be read 
by the processor at any time. The other four status regis- 
ters (STO, ST1, ST2, and ST3) are available only during 
the result phase and may be read only after completing 
a command. The particular command that has been ex- 
ecuted determines how many of the status registers will 
be read. 

The bytes of data which are sent to the juPD72065/ 
hPD72066 to form the command phase and are read out 
of the )iPD72065//iPD72066 in the result phase must oc- 
cur in the order shown in table 4. That is, the command 
code must be sent first and the other bytes sent in the 
prescribed sequence. No foreshortening of the com- 
mand or result phases is allowed. After the last byte of 
data in the command phase is sent to the juPD72065/ 
jiPD72066, the execution phase automatically starts. In 
a similar fashion, when the last byte of data is read out 
in the result phase, the command is automatically 
ended and the ^PD72065/pPD72066 is ready for a new 
command. 

Polling 

After reset has been sent to the /^PD72065//iPD72066, 
the unit select lines USq and USi will automatically go 
into a polling mode. In between commands (and be- 
tween step pulses in the Seek command) the ^PD72065/ 
/iPD72066 polls all four FDDs looking for a change in the 
ready line from any of the drives. If the ready line 
changes state (usually due to a door opening or clos- 
ing), then the hPD72065/mPD72066 will generate an in- 
terrupt. When status register (STO) is read (after Sense 
Interrupt Status is issued), not ready (NR) will be indi- 
cated. The polling of the ready line by the |LtPD72065/ 
/L/PD72066 occurs continuously between commands, 
thus notifying the processor which drives are on or off 
line. Each drive is polled every 1.024 ms except during 
the Read/Write commands. When used with a 4l\/IHz 
clock for interfacing to minifloppies, the polling rate is 
2.048 ms. See figure 3. 

Figure 3. Polling Feature 



-Approx. 1.0 ms- 






- 760 fis - 






Read Data 

A set of nine (9) byte words are required to place the FDC 
into the read data mode. After the Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify command), and begins reading 
ID address marks and ID fields. When the current sector 
number (R) stored in the ID register (IDR) compares with 
the sector number read off the diskette, then the FDC 
outputs data (from the data field) byte-to-byte to the 
main system via the data bus. 

After completion of the read operation from the current 
sector, the sector number is incremented by one, and 
the data from the next sector is read and output on the 
data bus. This continuous read function Is called a 
multi-sector read operation. The Read Data command 
may be terminated by the receipt of a terminal count sig- 
nal. T C should be issued at the same time that the 
DACK for the last byte of data is sent. Upon receipt of 
this signal, the FDC stops outputting data to the proces- 
sor, but will continue to read data from the current sec- 
tor, check CRC (cyclic redundancy count) bytes, and 
then at the end of the sector terminate the Read Data 
command. The amount of data which can be handled 
with a single command to the FDC depends upon MT 
(multi-track), MF (MFM/FM), and N (number of bytes/ 
sector). Table 5 shows the transfer capacity. 

The "multi-track" function (MT) allows the FDC to read 
data from both sides of the diskette. For a particular cyl- 
inder, data will be transferred starting at sector 1, side 
and completing at sector L, side 1 (sector L = last sector 
on the side). Note, this function pertains to only one cyl- 
inder (the same track) on each side of the diskette. 

When N = 0, then DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the 
actual data length in a sector, the data beyond DTL in 
the sector is not sent to the data bus. The FDC reads 
(internally) the complete sector performing the CRC 
check and, depending upon the manner of command 
termination, may perform a multi-sector read operation. 
When N is non-zero, then DTL has no meaning and 
should be set to FFH. 
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Tables. 


Transfer Capacity 








Mum- 
Thwk 

MT 


MFM/ 
FM 
MP 


Bytes/ 

Sector 

N 


Maximum Thinsfer Capacity 

(Bytes/Sector) 

(Number of Sectors) 


Final Sector 
Read from 
DIsliettes 









00 
01 


(128) (26) = 3,328 
(256) (26) = 6,656 


26 at side 
or 26 at side 1 


1 
1 





00 
01 


(128) (52) = 6,656 
(256) (52) = 13,312 


26 at side 1 









01 
02 


(256) (15) = 3,840 
(512) (15) = 7,680 


15 at side 
or 15 at side 1 


1 
1 





01 
02 


(256) (30) = 7,680 
(512) (30) = 15,360 


15 at side 1 









02 
03 


(512) (8) = 4,096 
(1024) (8) = 8,192 


8 at side 
or 8 at side 1 


1 
1 





02 
03 


(512) (16) = 8,192 
(1024) (16) = 16,384 


8 at side 1 



At the completion of the Read Data command, the head 
is not unloaded until after head unload time inten/al 
(specified in the Specify command) has elapsed. If the 
processor issues another command before the head un- 
loads then the head settling time may be saved between 
subsequent reads. This time out is particularly valuable 
when a disl<ette is copied from one drive to another. 

If the FDC detects the index hole twice without finding 
the right sector, (Indicated in "R"), then the FDC sets the 
ND (No data) flag in status register 1 to a 1 (high), and 
terminates the Read Data command. (Status register 
also has bits 7 and 6 set to and 1, respectively.) 

After reading the ID and data fields In each sector, the 
FDC checks the CRC bytes. If a read error is detected 
(incorrect CRC In ID field), the FDC sets the DE (data er- 
ror) flag in status register 1 to a 1 (high), and If a CRC error 
occurs in the data field, the FDC also sets the DD (data 
error in data field) flag in status register 2 to a 1 (high), 
and terminates the Read Data command. (Status regis- 
ter also has bits 7 and 6 set to and 1, respectively.) 



If the FDC reads a deleted data address mark off the 
diskette, and the SK bit (bit D5 in the first command 
word) is not set (SK = 0), then the FDC sets the CM (con- 
trol mark) flag in status register 2 to a 1 (high), and termi- 
nates the Read Data command, after reading all the 
data in the sector. If SK = 1, the FDC skips the sector 
with the deleted data address mark and reads the next 
sector. The CRC bits in the deleted data field are not 
checked when SK = 1. 

During disk data transfers between the FDC and the 
processor, via the data bus, the FDC must be serviced 
by the processor every 27jiiS in the FIVI mode, and every 
13 fiS in the M FM mode, or the FDC sets the OR (Overrun) 
flag In status register 1 to a 1 (high), and terminates the 
Read Data command. 

If the processor terminates a read (or write) operation in 
the FDC, then the ID information in the result phase is 
dependent upon the state of the MT bit and EOT byte. 
Table 6 shows the values for C, H, R, and N, when the 
processor terminates the command. 
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Tables. 


Command Description 














HD 


Final Sector 1k«nsferred 
to Processor 




ID Information at Result Phase 




MT 


C 


H 


R 


N 








Less than EOT 


NC 


NC 


R+1 


NC 








Equal to EOT 


C+1 


NC 


R=01 


NC 





1 


Less than EOT 


NC 


NC 


R+1 


NC 





1 


Equal to EOT 


C+1 


NC 


R=01 


NC 


1 





Less than EOT 


NC 


NC 


R+1 


NC 


1 





Equal to EOT 


NC 


LSB 


R = 01 


NC 


1 


1 


Less than EOT 


NC 


NC 


R+1 


NC 


1 


1 


Equal to EOT 


C+1 


LSB 


R=01 


NC 



Note: 

(1) NC (No Change): The same value as the one at the beginning of command execution. 

(2) LSB (Least Significant Bit): The least significant bit of H is complemented. 

Functional Description of Commands 



Write Data 

A set of nine (9) bytes is required to set tfie FDC into tfie 
write data mode. After the Write Data command lias 
been issued tfie FDC loads tlie fiead (if it is in tlie un- 
loaded state), waits the specified head settling time (de- 
fined in the Specify command), and begins reading ID 
fields. When all four bytes loaded during the command 
(C, H, R, N) match the four bytes of the ID field from the 
diskette, the FDC takes data from the processor byte-by- 
byte via the data bus and outputs it to the FDD. See 
tables. 

After writing data into the current sector, the sector 
number stored in R is Incremented by one, and the next 
data field is written into. The FDC continues this multi- 
sector write operation until the issuance of a terminal 
count signal. If a terminal count signal is sent to the 
FDC it continues writing Into the current sector to 
complete the data field. If the terminal count signal is 
received while a data field is being written then the re- 
mainder of the data field is filled with zeros. 

The FDC reads the ID field of each sector and checks 
the CRC bytes. If the FDC detects a read error (CRC er- 
ror) in one of the ID fields, it sets the DE (Data Error) flag 
of status register 1 to a 1 (high) and terminates the Write 
Data command. (Status register also has bits 7 and 6 
set to and 1, respectively.) 



The Write command operates in much the same man- 
ner as the Read command. The following items are the 
same, and one should refer to the Read Data command 
for details: 

• Transfer capacity 

• EN (end of cylinder) flag 

• ND (no data) flag 

• Head unload time interval 

• ID Information when the processor terminates 
command 

• Definition of DTL when N = and when N^^O 

In the write data mode, data transfers between the proc- 
essor and FDC, via the data bus, must occur every 27 jus 
in the FM mode and every 13 /iS in the MFM mode. If the 
time interval between data transfers is longer than this, 
the FDC sets the OR (overrun) flag in status register 1 
to a 1 (high) and terminates the Write Data command. 
(Status register also has bits 7 and 6 set to and 1, 
respectively.) 

Write Deleted Data 

This command is the same as the Write Data command 
except a deleted data address mark is written at the be- 
ginning of the data field instead of the normal data ad- 
dress mark. 
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Read Deleted Data 

This command is the same as the Read Data command 
except that when the FDC detects a data address marl< 
at the beginning of a data field (and SK = (low)), it will 
read all the data in the sector and set the CM flag in sta- 
tus register 2 to a 1 (high), and then terminate the com- 
mand. If SK = 1, then the FDC skips the sector with the 
data address mark and reads the next sector. 

Read a Track 

Thiscommand is similar to the Read Data command ex- 
cept that this is a continuous read operation where the 
entire data field from each of the sectors is read. Imme- 
diately after sensing the index hole, the FDC starts read- 
ing all data fields on the track as continuous blocks of 
data. If the FDC finds an error in the ID or data CRC 
check bytes, it continues to read data from the track. 
The FDC compares the ID information read from each 
sector with the value stored in the IDR and sets the ND 
flag of status registerl toal (high) if there is no compari- 
son. Multi-track or skip operations are not allowed with 
this command. 

This command terminates when the number of sectors 
read is equal to EOT. If the FDC does not find an ID ad- 
dress mark on the diskette after it senses the index hole 
for the second time, it sets the MA (missing address 
mark) flag in status register 1 to a 1 (high) and terminates 
the command. (Status register has bits 7 and 6 set to 
and 1, respectively.) 

Read ID 

The Read ID command is used to give the present posi- 
tion of the recording head. The FDC stores the values 
from the first Id field it is able to read. If no proper ID 
address mark is found on the diskette before the index 
hole is encountered for the second time, then the MA 
(missing address mark) flag in status registerl is set to a 
1 (high), and if no data Is found then the ND (No data) 
flag is also set in status register 1 to a 1 (high). The com- 
mand is then terminated with bits 7 and 6 in status regis- 
ter set to and 1, respectively. During this command 
there is no data transfer between FDC and the CPU ex- 
cept during the result phase. 

Format a Track 

The Format a Track command allows an entire track to 
be formatted. After the index hole is detected, data is 
written on the diskette; gaps, address marks, ID fields, 
and data fields, all per the IBM System 34 (double den- 
sity) or System 3740 (single density) format, are re- 
corded. The particular format which will be written is 
controlled by the values programmed into N (number of 
bytes/ sector), SC (sectors/cylinder), GPL (gap length). 



and D (data pattern) which are supplied by the proces- 
sor during the command phase. The data field is filled 
with the byte of data stored in D. The ID field for each 
sector is supplied by the processor; that is, four data re- 
quests per sector are made by the FDC for C (cylinder 
number), H (head number), R (sector number), and N 
(number of bytes /sector). This allows the diskette to be 
formatted with nonsequential sector numbers, if 
desired. 

The processor must send new values for C, H, R, and N 
to the MPD72065/|iPD72066 for each sector on the track. 
If FDC is set for the DMA mode, it will issue four DMA 
requests per sector. If it is set for the interrupt mode, it 
will issue four interrupts per sector and the processor 
must supply C, H, R, and N loads for each sector. The 
contents of the R register are incremented by 1 after 
each sector is formatted; thus, the R register contains a 
value of R when it is read during the result phase. This 
incrementing and formatting continues for the whole 
track until the FDC detects the index hole for the sec- 
ond time, whereupon it terminates the command. 

If a fault signal is received from the FDD at the end of a 
write operation, then the FDC sets the EC flag of status 
registerO to a 1 (high) and terminates the command after 
setting bits 7 and 6 of status register to and 1, respec- 
tively Also, the loss of a ready signal at the beginning of 
a command execution phase causes bits 7 and 6 of sta- 
tus register to be set to and 1, respectively 

Table 7 shows the relationship between N, SC, and GPL 
for various sector sizes. 

Scan Commands 

The Scan commands allow data which is being read 
from the diskette to be compared against data which is 
being supplied from the main system. The FDC com- 
pares the data on a byte-by-byte basis and looks for a 
sector of data which meets the conditions of 
DpDD = Dprocessor, DpDD < Dprocessor. or DfdD> 
^Processor- The hexidecimal byte of FF either from 
memory or from FDD can be used as a mask byte be- 
cause it always meets the condition of the comparison. 
One's complement arithmetic is used for comparison 
(FF = largest number, 00 = smallest number). After a 
whole sector of data is compared, if the conditions are 
not met, the sector number is incremented (R + STP -* 
R), and the scan operation is continued. The scan opera- 
tion continues until one of the following conditions oc- 
cur: the conditions for scan are met (equal, low, or high), 
the last sector on the track is reached (EOT), or the termi- 
nal count signal is received. 
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Table?. SectorSize 


Format 


SectorSize 


N 


SC 


QPL(1) 


QPL(2,3) 


8" Standard Floppy 



FM Mode 



128 Bytes /Sector 



256 



512 



1024 



2048 



4096 



00 



OF 



02 



03 



04 



04 



02 



05 



07 



OE 



IB 



47 



C8 



C8 



2A 



3A 



8A 



FF 



FF 



MFM Mode (Note 4) 



256 



512 



1024 



2048 



4096 



8192 



1A 



02 



OF 



03 



08 



04 



04 



05 



02 



06 



OE 



35 



99 



C8 



C8 



36 



54 



FF 



FF 



FF 



5V4" Minifloppy 



FM Mode 



128 Bytes /Sector 



128 



256 



512 



1024 



2048 



00 



00 



08 



02 



04 



03 



02 



04 



07 



46 



C8 



08 



09 



30 



87 



FF 



FF 



MFM Mode (Note 4) 



256 



256 



512 



1024 



2048 



02 



08 



03 



04 



04 



02 



OA 



20 



2A 



80 



08 



Note: 

(1) Suggested values of GPL in Read or Write commands to avoid spiice point between data fieid and ID field of contiguous sections. 

(2) Suggested values of GPL in format command. 

(3) All values except sector size are tiexidecjmal. 

(4) In IVIFM mode FDC cannot perform a Read/Write/Format operation with 128 bytes/sector. (N = 00). 



OC 



32 



50 



FO 



FF 





4096 


05 


01 


C8 


FF 


3V2" Sony Micro Floppydisk 


FM Mode 


128 Bytes /Sector 





OF 


07 


IB 




256 


1 


09 


OE 


2A 




512 


2 


05 


IB 


3A 


MFM Mode (Note 4) 


256 


1 


OF 


OE 


36 




512 


2 


09 


IB 


54 




1024 


3 


05 


35 


74 



6-49 



jL(PD72065|66 



NEC 



If the conditions for scan are met, tfien the FDC sets the 
SH (scan hit) flag of status register 2 to a 1 (high) and ter- 
minates the Scan command. If the conditions for scan 
are not met between the starting sector (as specified by 
R) and the last sector on the cylinder (EOT), then the 
FDC sets the SN (scan not satisfied) flag of status regis- 
ter 2 to a 1 (high) and tierminates the Scan command. The 
receipt of a terminal count signal from the processor or 
DMA controller during the scan operation will cause the 
FDC to complete the comparison of the particular byte 
which is In process and then to terminate the command. 
Table 8 shows the status of bits SH and SN under vari- 
ous conditions of Scan. 

Table 8. Scan Conditions 





Status Register 2 




Command 


BH2=SN 


BKS-SH 


Commente 


Scan Equal 





1 


Dfdd = '^Processor 




1 





DFDD''Dprocessor 


Scan Low or 





1 


DFDD = Dprocessor 


Equal 








DFDO<Dprocessor 




1 





DFDD>Dprocessor 


Scan High or 





1 


DFDD = '^Processor 


Equal 








DFDD>Dprocessor 




1 





DFDD<Dprocessor 



If the FDC encounters a deleted data address mark on 
one of the sectors (and SK= 0), then it regards the sec- 
tor as the last sector on the cylinder, sets the CM (con- 
trol mark) flag of status register 2 to a 1 (high) and 
terminates the command. If SK = 1, the FDC skips the 
sector with the deleted address mark and reads the next 
sector. In the second case (SK = 1), the FDC sets the CM 
(control mark) flag of status register 2 to a 1 (high) in or- 
der to show that a deleted sector has been encountered. 

When either the STP (contiguous sectors = 01, or alter- 
nate sectors = 02) sectors are read or the MT (multi- 
track) is programmed, it Is necessary to remember that 
the last sector on the track must be read. For example, if 
STP =02, MT = 0, the sectors are numbered sequen- 
tially 1 through 26 and the Scan command is started at 
sector 21, the following will happen: sectors 21, 23, and 
25 will be read, then the next sector (26) will be skipped 
and the index hole will be encountered before the EOT 
value of 26 can be read. This will result in an abnormal 
termination of the command. If the EOT had been set at 
25 or the scanning started at sector 20, then the Scan 
command would be completed in a normal manner. 

During the Scan command, data is supplied by either 
the processor or DMA controller for comparison against 
the data read from the diskette. In order to avoid having 



the OR (overrun) flag set in status register 1, it is neces- 
sary to have the data available in less than 27 /iS (FM 
mode) or 13f^s (MFM mode). If an overrun occurs, the 
FDC ends the command with bits 7 and 6 of status reg- 
ister set to and 1, respectively. 

Seek 

The read/write head within the FDD is moved from cylin- 
der to cylinder under control of the Seek command. FDC 
has four independent present cylinder registers for 
each drive. They are cleared only after the Recalibrate 
command. The FDC compares the PON (present cylin- 
der number) which is the current head position with the 
NCN (new cylinder number), and if there is a difference, 
performs the following operations: 

PON < NCN: Direction signal to FDD set to a 1 (high), 
and step pulses are issued. (Step in) 

PON > NCN: Direction signal to FDD set to a (low), 
and step pulses are issued. (Step out) 

The rate at which step pulses are issued is controlled by 
SRT (stepping rate time) in the Specify command. After 
each step pulse is issued NCN is compared against 
PON, and when NCN = PON, the SE (seek end) flag is 
set in status register to a 1 (high), and the command is 
terminated. At this point FDC interrupt goes high. Bits 
D0B-D3B in the main status register are set during the 
seek operation and are cleared by the Sense Interrupt 
Status command. 

During the command phase of the seek operation the 
FDC is in the FDC busy state, but during the execution 
phase it is in the non-busy state. While the FDC is in the 
non-busy state, another Seek command may be issued, 
and in this manner parallel seek operations may be 
done on up to four drives at once. No other command 
can be Issued for as long as the FDC is in the process of 
sending step pulses to any drive. 

If an FDD is in a not ready state at the beginning of the 
command execution phase or during the seek opera- 
tion, then the NR (not ready) flag is set in status register 
to a 1 (high), and the command is terminated after 
bits 7 and 6 of status register are set to and 1, 
respectively. 

If the time to write three bytes of Seek command ex- 
ceeds 150 f^s, the timing between the first two step 
pulses may be shorter than set in the Specify command 
by as much as 1 ms. 
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Recalibrate 

The function of this command is to retract the read/ 
write head within the FDD to the tracl< position. The 
FDC clears the contents of the PCN counter and checks 
the status of the track signal from the FDD. As long as 
the track signal is low, the direction signal remains 
(low) and step pulses are issued. When the track sig- 
nal goes high, the SE (seek end) flag in status register 
is set to a 1 (high) and the command is terminated. If the 
track signal is still low after256 step pulses have been 
issued, the FDC sets the SE (seek end) and EC (equip- 
ment check) flags of status register to both Is (highs) 
and terminates the command after bits 7 and 6 of status 
register are set to and 1, respectively. 

The ability to do overlapping Recalibrate commands to 
multiple FDDs and the loss of the ready signal, as de- 
scribed in the Seek command, also applies to the Reca- 
librate command. If the diskette has more than 77 
tracks, then Recalibrate command should be issued 
twice, in order to position the read/write head to the 
track 0. 

Sense Interrupt Status 

An interrupt signal is generated by the FDC for one of 
the following reasons: 

(1) Upon entering the result phase of: 

(a) Read Data command 

(b) Read a Track command 

(c) Read ID command 

(d) Read Deleted Data command 

(e) Write Data command 

(f) Format a Cylinder command 

(g) Write Deleted Data command 
(h) Scan commands 

(2) Ready line of FDD changes state 

(3) End of Seek or Recalibrate command 

(4) During execution phase in the non-DMA mode 

interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible 
by the processor. During an execution phase in non- 
DMA mode, DB5 in the main status register is high. 
Upon entering the result phase this bit gets cleared. 
Reasons 1 and 4 do not require Sense Interrupt Status 
commands. The interrupt is cleared by reading /writing 
data to the FDC. Interrupts caused by reasons 2 and 3 
above may be uniquely identified with the aid of the 
Sense Interrupt Status command. This command, when 
issued, resets the Interrupt signal and, via bits 5, 6, and 7 
of status register 0, identifies the cause of the interrupt. 
See table 9. 



Table 9. Interrupt Status 



Seek End 


Interrupt Code 




Bits 


Bite 


Bit 7 


Cause 





1 


1 


Ready line changed state, 
either polarity 


1 








Normal termination of Seek or 
Recalibrate command 


1 


1 





Abnormal termination of Seek 
or Recalibrate command 



The Sense Interrupt Status command is used in con- 
junction with the Seek and Recalibrate commands 
which have no result phase. When the disk drive has 
reached the desired head position the /iPD72065/ 
jiiPD72066 will set the interrupt line true. The host CPU 
must then issue a Sense Interrupt Status command to 
determine the actual cause of the interrupt, which could 
be seek end or a change in ready status from one of the 
drives. A graphic example is shown in figure 4. 

Specify 

The Specify command sets the initial values for each of 
the three internal timers. The HUT (head unload time) 
defines the time from the end of the execution phase of 
one of the Read/Write commands to the head unload 
state. This timer is programmable from 16 to 240 ms in 
increments of 16 ms (01 = 16 ms, 02 = 32 ms... 
OFH = 240 ms). The SRT (step rate time) defines the time 
interval between adjacent step pulses. This timer is 
programmable from 1 to 16 ms in increments of 1ms 
(F = 1ms, E = 2ms, D = 3ms, etc.). The HLT (head load 
time) defines the time between when the head load 
signal goes high and the Read /Write operation starts. 
This timer is programmable from 2 to 254 ms in incre- 
ments of 2ms (01 = 2ms, 02 = 4ms, 03 = 6ms... 
7F = 254 ms). 

The time intervals mentioned above are a direct func- 
tion of the clock (<t> on pin 19). Times indicated above are 
for an 8 MHz clock; if the clock was reduced to 4 MHz 
(minifloppy application), then all time intervals are in- 
creased by a factor of 2. 

The choice of a DMA or non-DMA operation is made by 
the ND (non-DMA) bit. When this bit Is high (ND = 1) the 
non-DMA mode is selected, and when ND = the DMA 
mode is selected. 
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Figure 4. Seek, Recalibrate, and Sense Interrupt Status 



■ Seek (or Recalibrate) Command - 



- Sense Intemipt Status Command - 



- Command Phase- 
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(OOCOCQ. 
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Sense Drive Status 

This command may be used by the processor whenever 
it wishes to obtain the status of the FDDs. Status regis- 
ter 3 contains the drive status information stored inter- 
nally In FDC registers. 

Invalid 

If an Invalid command is sent to the FDC (a command 
not defined above), then the FDC will terminate the com- 
mand after bits 7 and 6 of status register are set to 1 
and 0, respectively. No interrupt is generated by the 
jnPD72065/fiPD72066 during this condition. Bits 6 and 7 
(DIO and RQM) in the main status register are both 1 
(high), indicating to the processor that the ijPD720G5I 
fiPD72066 is in the result phase and the contents of sta- 
tus register (STO) must be read. When the processor 
reads status register it will find an 80H, indicating an 
Invalid command was received. 

A Sense Interrupt Status command must be sent after a 
seek or recalibrate interrupt, otherwise the FDC will 
consider the next command to be an Invalid command. 



In some applications the user may wish to use this com- 
mand as a No-Op command to place the FDC in a 
standby or no operation state. 

CMOS Reset Commands 

Commands that are available in the jnPD72065/ 72066 
which are enhancements over the |^PD765A/7265 are 
the CMOS reset commands. They are initiated as fol- 
lows: 



AO RDWR D7 D6 D5 D4 D3 D2 D1 


DO 


Set standby 10 110 10 


1 


Reset standby 10 110 10 





Software reset 10 110 11 






The software reset command is identical to the hard- 
ware reset described previously. 
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The set standbycommand reduces power consumption 
(Pd) from 10 mW to 10 ^W. Pin 19 (CLK) must be active 
when setting or resetting standby mode. All other 
clocks (i.e. WCK, etc.) can be inactive. The supply 
voltage must be maintained at 5 V during standby. The 
clock to pin 19 may be disabled during standby provided 
the following set-up and hold conditions are met: 

Data Format 

Figure 5 shows the data transfer format for the 
/^PD72065 and /iPD72066 in various modes. 









standby Mode 
(issuing command) 


Standby lUode 




324.CY — 




"•~ —^ 




'— 24i|.CY 


CLK enabled 
(0= disabled) 








Note: 

Standby mode will maintain intemal status registers and I/O lines. 

83-003368A 



Figure 5. Data Forma t (Sheet 1of2) 



I^PD7206S (FM Mode) 



GAP 4a 


SYNC 


lAM 


GAP1 


SYNC 


IDAM 





H 


S 


N 





GAP 2 


SYNC 


DATA AM 


DATA 


C 


GAP 3 


GAP 4b 


40x 


6x 




26x 


6x 




Y 


D 


E 





R 


11x 


6x 




(1) 


R 


(1) 




FF 


00 


FC 


FF 


00 


FE 


L 




C 




C 


FF 


00 


FBorFS 




C 







-Repeat NTimes- 



ltPD720e6(FMMode) 



GAP1 


SYNC 


IDAM 


C 


H 


.S 


N 


C 


GAP 2 


SYNC 


DATA AM 


DATA 


C 


GAPS 


GAP 4 


16x 


6x 




Y 


D 


E 





R 


11x 


6x 




(1) 


H 


(1) 




FF 


00 


FE 


L 




C 




C 


FF 


00 


FBorFB 




C 







- Repeat N Times - 



^PD72<16S(MFMMode) 



GAP 4a 
80x 
4E 


SYNC 
12x 
00 


lAM 


GAP1 
50x 
4E 


SYNC 
12x 
00 


IDAM 


C 
Y 

L 


H 
D 


S 

E 
C 


N 



C 
R 
C 


GAP 2 
22x 
4E 


SYNC 
12x 
00 


DATA AM 


DATA 
(1) 


C 
R 
C 


GAP 3 

(1) 


GAP 4b 


3x 
C2 


FC 


3x 
A1 


FE 
4E 


3x 
A1 


FB 
F8 



- Repeat N Times - 



^PD720e6(MFUUode) 



GAP1 
32x 
4E 


SYNC 
12x 
00 


IDAM 


C 
Y 

L 


H 
D 


S 

E 
C 


N 



C 
R 
C 


GAP 2 
22x 
4E 


SYNC 
12x 

00 


DATA AM 


DATA 
(1) 


C 
R 
C 


GAP 3 

(1) 


GAP 4 


3x 
A1 


FE 


3x 
A1 


FB 
F8 



-Repeat N Times - 



Notes: 

It is suggested that the user refer to the following application notes: 

(1) #8-for an example of an actual interface, as well as a "theoretical" data separator. 

(2) #10-for a well documented example of a working phase-locked loop. 
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Figure 5. Data Format (Sheet 2 of 2) 



VcoSYNC 



VcoSYNC 



Note: 

.^^_— Read 
Write 



y vzm^^T V 



/- ^ 

J. X. 



/■■ 



A 



/- 



■ilr 



-Ch 



^zzz^^T^^wczz: 



J 



/\_ 



GAP 4a 


lAM 


GAP1 


ID 


GAP 2 


DATA 


GAPS 


ID 


?? 


GAP 4b 



r^ 



Differences Between the 
^PD72065/72066 and ^PD765A/7265 



Parameter 


fiPD72065 I4PD72066 


MPD765A piPD7265 


Tracl< format 


IBM ECMA/ISO 


IBM EMCA/ISO 


Tracks to be 
recalibrated 


255 


77 255 


Skipping time 
after detection 
of index pulses 


0.2 ms (at 4 MHz) 


about1.2ms about0.2ms 
(at 4 MHz) (at 4 MHz) 


DRQLE-RD 
TE response 
time 


<tiCY(= 125 ns) 
<|.CY( = 250 ns) 


0.8^<s 
1.6ns 



Parameter 



FDD response 
latency after 
unit select 
signal output 



Multitrack 
write by tunnel 
erase head 



/iPD72065 ^PD72066 |4PD76SA ^^7265 



2.5nS(<t.CY=125ns) 
5.0ns (iCY=250ns) 



Standby 
function 
(standby 
command) 



Software reset 
command 



Yes 



Yes 



Yes 



0.5(iS 
LOfiS 



No 



No 



No 
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PRELIMINARY INFORMATION 



//PB9201 

FLOPPY DISK 

INTERFACE 



Description 

The //PB9201 floppy disk interface (FDI) is an LSI 
device that provides a wide range of functions com- 
monly needed in a floppy disk controller design. A 
floppy disk controller design using the /iPD765A and 
the//PB9201 requires only four to five chips, depending 
on individual requirements. 

The digital phase lock loop implemented in the FDI 
simulates the function of an analog PLL. If higher 
resolution is required, the device provides for the 
addition of an external VCO chip. This essentially 
converts the digital PLL to an analog one. The external 
VCO is seldom required, however, due to the excellent 
performance of the digital PLL. 

The FDI generates the write clock and processor clock 
for the/uPD765A. The clocks are automatically switched 
in frequency when the 8" or 5-1/4" mode is selected. 
These clocks are changed synchronously so that 
random clock edges are not generated. 

The FDI includes a precompensation circuit that allows 
delays of ns, 125 ns, 187.5 ns, and 250 ns. 

The on-chip drive select logic combined with the head 
load (HDL) signal eliminates the normally required 
selection logic. The on-chip buffers allow direct con- 
nections from DS0-DS3 and HS0-HS3 to the FDD. 

The FDI provides the designer with the ability to delay 
the DRQ signal that normally goes from the FDC to the 
host DMA controller. The minimum delay is either 0.75 
)USor1.5yus, depending on the selection of 8" or 5-1/4" 
mode. This allows the use of fast DMA controllers such 
as the //PD8237A-5. 

Features 

D Programmable digital write precompensation 

D Write clock generation for 5-1/4" and 8" drives 

D Data separation 

D 5-1/4" and 8" drives select 

D External VCO hook-up provision (optional) 

D Processor clock generation 

D Internal buffers capable of sinking 24 mA 

D TTL-compatible 

D Drive select logic 

D Head select logic 

D DRQ delay 

D No data time out 



Pin 


Configuration 




















RESET C 


1 


40 


3 Vcc 




PCSo C 


2 


39 


3 RDY 






PCSi C 


3 


38 


1 TCLK 






MiNr c 


4 


37 


3 NDTO 






PSoC 


5 


36 


3 HDL 






PSi C 


6 


35 


3 DRQOUT 






HSit 
HSi C 


7 
8 


34 
33 


3 DRQIN 




3 WDAOUT 




HS2C 


9 


32 


3 DSi 






Hsiq 


10 ° 31 


DDS^ 






WDAIN C 11 g 30 


n Dsi 






USo C 12 


=^ 29 


3 DSj 






USi C 


13 


28 


3 READY 






fDX C 


14 


27 


D RDDAT 






MFM C 15 


26 


3 LDCR 






VCO C 


16 


25 


J NC 






RD C 


17 


24 


3 VCLK 






RDWOUT Z 


18 


23 


3 VCTRL 






WCKOUT n 


19 


22 


'3 CLKIN 






GND C 


20 


21 


3 CLKOUT 


83-000050A 











Ordering information 




Part Number 


Package Type 


A/PB9201C 


40-pin plastic DIP 



Pin 


Identification 




No. 


Symbol 


Function 


1 


RESET 


Reset input 


2,3 


PCSo, PCSi 


Precompensation select input 


4 


MINI 


Mode select 


5,6 


PSo, PSi 


Precompensation input 


7-10 


HS'o-HS"3 


Head select 


11 


WDAIN 


Write data input 


12,13 


USq, USi 


Unit select input 


14 


IDX 


Index output 


15 


MFM 


MFM mode input 


16 


VCO 


VCO sync input 


17 


RD 


Read data output 


18 


RDWOUT 


Read data window output 


19 


WCKOUT 


Write clock output 


20 


GND 


Ground 


21 


CLKOUT 


Clock output 


22 


CLKIN 


Clock input 


23 


VCTRL 


VCO control 


24 


VCLK 


VCO clock input 


25 


NC 


No connect 


26 


LDCR 


Load control register input 


27 


RDDAT 


Read data input 


28 


READY 


Ready input 


29-32 


DS3-DS0 


Drive select outputs 




6-55 



//PB9201 



SEC 



Pin Identification (cont) 


No. Symbol 


Function 


33 WDAOUT 


Write data output 


34 DRQIN 


DMA request input 


35 DRQOUT 


DIVIA request output 


36 HDL 


Head load input 


37 NDTO 


No data time out input/output 


38 TCLK 


Test clock output 


39 RDY 


Ready output 


40 Vcc 


Power supply 



Pin Functions 



RESET 



When RESET is low, the FDI internal logic is reset. This 
feature is used mainly for text purposes. Normally this 
pin is pulled high. 

HS0-HS3 

These head select outputs are derived from the head 
load and the USq - USi signals from theyuPD765A. Each 
of these open collector output sinks 24 mA. 

PCSo, PCSi 

These inputs select the precompensation delay ac- 
cording to the following table: 



PCSi 


PCSo 


Delay 








ns 





1 


125 ns 


1 





187.5 ns 


1 1 250 ns 



PSo, PSi 

These are the precompensation input signals from the 
ywPD765A. 

WDAIN 

Write data from the //PD765A is input at this pin. It 
passes through the circuitry which is controlled by 
PSo, PSi and the FDI control register to provide various 
precompensation levels. 

MINI 

When this input is high, 5-1/4" mode is selected. When 
it is low, 8" mode is selected. 



USo, USi 

These are the unit select input pins. The/yPD765A uses 
them to select up to four double-sided drives. 

IDX 

The FDI uses this signal to generate index pulses to the 
//PD765A when there is no data coming from the disk 
drive. 

MFM 

This signal controls the read data window to conform 
to MFM (double density) or FM (single density) record- 
ing modes. It also controls the frequency of the 
WCKOUT signal. MFM is input from the //PD765A. 

vco 

This is the VCO sync input from the/uPD765A. It is used 
for internal control. 

RD 

The read data output signal is the same as the data 
coming from the FDD but it has been shaped and 
synchronized to the 16 MHz clock. RD is directly 
connected to the RD signal of the/uPD765A. 

RDWOUT 

This signal is generated by the FDI PLL circuitry. It is 
controlled by the MFM signal from theA<PD765A and by 
the selection of 5-1/4" or 8" mode. 

WCKOUT 

This write clock output signal is output to the WCK pin 
of the /UPD765A. 

CLKOUT 

This signal provides the processor clock for the 
yuPD765A and is programmable via the FDI control 
register for an 8 MHz or 4 MHz square wave output. The 
switching between 4 MHz and 8 MHz is synchronous. 

CLKIN 

This input signal should be a 16 MHzTTL-compatible 
square wave. All timing for the FDI is derived from this 
signal. 

VCLK 

If an external VCO chip is used, this pin should be 
connected to the output of the VCO. If an external VCO 
is not used, then this pin should be connected to the 1 6 
MHz clock input. 
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VCTRL 

This three-state signal controls the external VCO 
frequency. It is the equivalent of combined pump-up 
and pump-down signals. 



NDTO 

TheFDI uses this pin to generate a time out when there 
is no data coming from the floppy disk drive. External 
RC components are required for the timing. 



TCLK 

This signal is used to test different modes of the FDI. 
Depending upon the mode, this pin outputs a 4 MHz, 8 
MHz or 1 6 MHz square wave. It is not used in controller 
design. 



LDCR 



This input signal is level triggered. When LDCR is low, 
PSCo, PSCi, and MINI are tra nsferred to the internal 
control register. When LDCR goes high, the data on 
pins 6-8 will remain latche d. Pins 6-8 may be connected 
to a data bus and LDCR may be used as a strobe, or 
they m ay be driven from external latches by connecting 
LDCRtoGND. 



RDDAT 



This input is directly connected to the read data signal 
from the floppy disk interface. 

READY 

This input signal is connected through an inverter to 
the FDD. The RDY output signal is generated by this 
signal. 

RDY 

This output signal is directly connected to the RDY pin 
of the /7PD765A. When the 8" mode is selected, the 
READY signals from the floppy disk drive is sent 
directly to the//PD765A. When the FDI is in the 5-1/4" 
mode, RDY is set to 1 at all times. 

DRQIN 

This is an input from the//PD765A. DRQIN is delayed 3 
to 4 clock pulses before being output (DRQOUT). This 
achieves the DRQ to RD delay that is required by the 
//PD765A. 

DRQOUT 

This is the output of the delayed DRQIN signal. 



WDAOUT 



This open collector output is directly connected to the 
floppy disk drive and writes data to it. WDAOUT sinks 
24 mA. 



HDL 

The head load input is used in conjunction with the USi 
and USq signals from the //PD765A to generate the 
drive and head select signals. 

Block Diagram 



RDDAT 
MFM 
VCLK 



PSo 

PSi 

WDAIN 

PSCi 
PSCo 
MfNI 
LDCR 

VCO 
NDTO 

USo 
USi 
HDL 













Digital 
PLL 


















1—* 
















Processor 
Clocl( and 
Write Clock 
Generation 


















-^ 












Write 
Precomp 




























Control 
Register 




























* 





■ RDWOUT 
- VCTRL 



WCKOUT 
CLKOUT 





No- Data 
Time Out 




■ 













Drive Select 

and 
Head Select 



Ready Gating 



DSo - DS3 
HSi-HSi 



ROY 

83-000051 A 




Absolute Maximum Ratings 

Ta = +25°C 



Operating temperature, Tqpt 


Oto+70°C 


Storage temperature, Tstg 


-65to+150°C 


All output voltages, Vq 


-5 to +5.5 V 


All input voltages, V| 


-5 to +7 V 


Power supply voltage, Vcc 


-5 to +7 V 


Power dissipation, Pq 


1.5 W 



Comment: Exposing the device to stresses above ttiose listed in 
Absolute Maximum Ratings could cause permanent damange. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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DC Characteristics 

Ta = to +70°C; Vcc = +5 V ±10% unless otherwise specified 



AC Ciiaracteristics 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Low level 
input voltage 


V|L 






0.8 


V 




High level 
input voltage 


V|H 


2.0 






V 




Input clamp 
voltage 


V|C 


1.5 






V 


Vcc = 4.5 V 
llL = -18mA 


Low level 
output voltage 


Vol 




0.3 


0.5 


V 


Vcc = 4.5 V 
IOL = 12mA 


High level 
output voltage 


VOH 


2.5 


3.4 




V 


Vcc = 4.5 V 
IOH = 1mA(1) 


Short circuit 
output current 


los 


-100 




-25 


mA 


Vcc = 5.5 V 
Vo = 0V 


Low level 
input current 


l|L 


-100 






//A 


Vcc = 5.5 V 
V| = 0.4 V 


High level 
input current 


l|H 






20 


/"A 


Vcc = 5.5 V 
V| = 2.7 V 


High level 
output current 


lOH 






100 


/«A 


Vcc = 4.5 V 
Vo = 4.5V(2) 


Off state output 
current 

Three state 

output 


lozi 


-20 






/"A 


Vcc = 5.5 V 
Vo = 0.4V/2.7V 


Bidirectional 


l0Z2 


-100 




+40 


M 


(VCO CNTRL pin) 


Vcc supply 
current 


Ice 




170 


296 


mA 


Ta = +25 °C 



Note: 

(1) Does not apply to open collector outputs. 

(2) For open collector outputs only. 

Capacitance 

TA = +25°C;fc = 1 MHz 





Limits 


Unit 


Test 


Parameter 


Symbol Min Typ Max 


Conditions 


Clock input 


C|N (0) 20 


PF 


All pins except 


Input 


C|N 10 


PF 


those under test 
tied to AC GND 


Output 


Cqut 15 


pF 





TA = 0to+70°i 


C; Vcc = 


+5 V ±10% unless otherwise specified 




Symbol 




Limits 


Test 


Parameter 


Min 


Typ Max 


Unit Conditions 


CLKIN high and 
low width 


tCKW 


20 




ns 


CLKIN period 


Icy 


55 


62.5 


ns 


CLKIN rise time 


tCR 




10 


ns 


CLKIN fall time 


tCF 




10 


ns 



WCK cycle time twcY 



1 


fjS 


MFIVI, 8" 


2 


us 


FM, 8" 


2 


us 


MFM, 5-1/4" 


4 


us 


FM, 5-1/4" 
CLKIN = 16 MHz 



WCK high width 


tww 




250 




ns 




WCK rise time 


tWR 






20 


ns 




WCK fall time 


tWF 






20 


ns 




PCSo,PCSi,MINI 
set up time to 
LDCR 


tlDS 


10 






ns 




pcsq, pcsi, mini 

hold time from 
LDCR 


tlDH 


10 






ns 




WDAIN high 
width 


tWDW 


25 






ns 




WDAOUTlow 
width 


twow 




4tcY 






twow = 250 ns 
where CLKIN = 
6 MHz 


RDDAT high 
width 


tRDDW 


25 






ns 




RD high width 


Irdw 




2tcY 
4tcY 






MINI = 
MINI = 1 



RDWOUT width tRoww 1 

2 
2 
4 



US MFM, 8" 
us FM,8" 
US MFM, 5-1/4" 
us FM, 5-1/4" 
CLKIN = 16 MHz 



DRQOUT delay toLY 
time from DRQIN 



0.75 
1.5 



us MINI = 
us MINI = 1 



DRQOUT low 
from DRQIN low 



Idrll 



30 



RESET low width Irstw 250 



VCLK period tcv 55 62.5 



VCLK high and 
low width 



ICKW 



20 



Note: 

The FDI is designed to run at 1 6 MHz, and all of the test conditions for 
signals generated by the FDI are at 16 MHz. 
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Timing Waveforms 



VCLK, 
CLKIN 



_nu_r^v_jni_ 



-« — tcKW- 
tcY 



"A If 



PCSi, PCSo 
and MINI 



y. 








\ 



I 
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interfacing 

Figure 1 shows all the required interconnections 
between the FDI and a typical FDC chip such as the 
yuPD765A. An external 1 6 MHz clock input to the CLKIN 
pin is required. The FDI generates all the internal timing 
from this input clock. 

An alternate method of utilizing the//PB9201 is shown 
in figure 2. This method minimizes the parts count and 
fully utilizes all of the FDI features. 

The type of the drive can be selected by setting the 
value of the MINI pin; ie, MINI = 0: 8" and MINI = 1: 
5-1/4". This can be achieved by either a jumper or a 
peripheral port. 

The PCSo snci PCSi P'ns are used to program the 
device for a desired amount of precompensation. The 
PSo and PSJ signals from the //PD765A inform the FDI 
whether the bit shift is late, normal, or early. 

The LDCR (load control register) pin can be used as a 
strobe to latch the values of MINI, PCSi, a nd PC So into 
the control register of the FDI. Whenever LDCR is low, 
the control register is updated. If the strobing of LCRC 
is not preferred, then LDCR should be connected to 
ground and MINI, PCSi, and PCSq should be connected 
either to logic 1 orO, depending upon the desired mode 
of operation. 

The FDI uses the USi , USo, and HDSL signals from the 
//PD765A to g enerate the DS0-DS3 (drive select) and 
the HS0-HS3 (head select) signals. All these output 
signals are capable of sinking 24 mA and can be 
directly connected to the corresponding FDD signals. 
(This assumes that the FDD contains 220/330 termin- 
ation resistors. Some drives contain 150-ohm pull-up 
resistors, which will require the use of a buffer external 
to the//PB9201 .) The designer has two options available 
when using the head select signals. The first option is 
to connect all the head select signals together to the 
HEAD LOAD signal of the FDD interface. This 
method generates one common "head load" signal for 
all drives. The second option is to add external delay 
circuits to each head select signal. This causes the 
head for the particular drive to stay loaded for the 
amount of specified time delay when the drive is 
deselected. The advantage of this method, as compared 
to the former one, is that it eliminates redundant head 
loading and unloading when copying diskettes from 
one to another. 




6-59 



+5V 
GND 
GND 



low 




Note: 
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3 

c 
S 



I 



"0 
« 

o 

3 

o 

o 

I 

c 






5 
o 

■fe 

CD 



1: 

D 

10 

o 



«;PD7265/fjPp765A 



g 
^ 



SEC 



A/PB9201 



Figure 2. Typical 8" Floppy Disic Controller; Minimum Parts Count 




Note: 

'Required to maintain proper phase relationship. 




Optionally, an external VCO chip can be added to 
achieve better performance. As an example, figure 3 
illustrates the necessary interconnections between the 
74LS624 VCO chip and the FDI. The input frequency 
control of the VCO is connected to the VCTRL pin of 
the FDI through an integrator (a simple RC circuit). The 
VCTRL signal is the output of the internal digital phase 
comparator. When there is no data bit coming in, this 
pin stays at approximately 2.0 volts (high impedance 
state). Since the frequency control pin of 74LS624 is 
also at 2.0 volts (adjusted by R2), the voltage across R1 
will be volts. As a result of this, 01 is neither charged 
nor discharged and the VCO will be running at its 
nominal frequency (16 MHz). 

When a data bit occurs, the VCTRL pin goes first to a 
high state, then to a low state, and finally back to the 
high impedance state. The high and low states cor- 
respond to ramp-up and ramp-down respectively. The 
duration of ramp-up and ramp-down are determined 
by the position of the data bit in the read window. 



If the data always arrives early, then ramp-up will have 
a longer period than ramp-down, causing an increase 
in VCO frequency. If the data arrives late, the converse 
is true. The integrator averages the frequency changes 
of the signal coming from the VCTRL pin. The values of 
R1 and 01 determine the time constant for the inter- 
grator. These values can be selected so that the VCO 
follows the slow speed variations of the disk drive. The 
VCLK pin should be connected to the output of the 
VCO when using the external VCO. If the VCO is not 
used, then the VCLK pin should be connected to the 1 6 
MHz input clock. 

TheyuPD765A requires a fairly long delay from DRQ 
going high to the issuance of a READ pulse to the chip. 
It is usually necessary to delay the DRQ signal going to 
the host DMA controller so that the READ pulse does 
not arrive early. The FDI is capable of delaying the 
DRQ from the AfPD765A controller for approximately 1 
fjs (8" drive), or 2 a/s for a 5-1/4" drive. In figure 1, the 
DRQ from the//PD765A is connected to the DRQIN pin 
of the FDI and the DRQOUT is connected to the host 
DMA controller. DRQOUT is automatically reset when 
DRQIN goes low. 
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The FDI provides the necessary logic for the READY 
signal when the /uPD765A is in mini-floppy mode. 
When the 8" mode is selected, the FDI passes the 
READY signal from the FDD interface directly to the 
//PD765A. When 5-1/4" mode is selected, it sets the 
RDY pin of the/uPD765A high. If you have 5" drives that 
have a ready signal, it is not necessary to use this 
signal. 



The FDI is capable of correcting a rare hang-up 
condition that occurs when there is no data coming 
from the disk drive to the /uPD765A. When no data is 
coming from the FDD, the FDI waits for the time 
determined by the RC circuit connected to the NDTO 
pin. Once the time-out signal occurs, the FDI generates 
index pulses to the/;<PD765A. This causes the controller 
to leave the hang-up condition (see figure 4). 



Figure 3. Using the fjPB9201 with an Externai VCO 



Figure 4. 



Implementing the No-Data Time Out 
Function 



/JPB9201 



R2 +5V 




Frequency 
Control 
VCO 



VCO R/C values should be chosen 
for a center frequency of 16 MHz 

83-000169A 



Vcc 





Additional Application Information 

The logic diagram, shown in figure 1, illustrates a 
floppy disk controller as implemented on a personal 
computer. It is compatible with the existing controllers, 
but has the ability to control 8" drives and single and 
double density as well. 
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A/PD71 065/66 
FLOPPY-DISK INTERFACE 



Description 

The /yPD71065 and yuPD71066 are CMOS devices that 
interface a floppy-disk drive (FDD) with a floppy-disk 
controller (FDC). The controller can be //PD765A, 
//PD7265, //PD72065, yuPD72066, /uPD7260, or one of 
the FD179X series. 

The floppy-disk interface can operate at various data 
rates, including the 300-kb/s rate that results from 
using high-density 5-inch drives with media formatted 
at the standard 250-kb/s rate. Also, the //PD71 065/66 
generates the write clock needed by the selected 
controller and provides synchronous switching when 
changing data rates. 

Features 

D Compatible with all industry-standard controllers 
D Multiple data rates: 500/300/250/150/125 kb/s 
D Internal or external sync field detection logic 
n Head-loading timer for FD179X-series controllers 
D No analog adjustments required 
D CMOS, low power consumption 
D 5-volt power supply 



Pin Configurations 

28-Pln Plastic SO 











aosrC 


1 ^ 


-^ 28 DAVdd 


RDIN E 


2 


27 DAOSC 


MIN/^STD C 


3 


26 3 FDCSW2 


RGATE E 


4 


25 3 LPF1 


MFM/FM C 


5 


24 3 LPF2 


SYNCSW C 


6 « 23 


UVdd 


SYNCC 


7 o 22 


3 FDCSW1 


RDOUT C 


8 Q 21 


3 VCOIN 


RCLK C 


9 =i 20 


3 FDDSW 


FDCCLKII 
WCLK C 


10 
11 


19 
18 


Dcvc 


3 RESET 


XI C 


12 


17 


Dgnd 


X2 C 13 


16 


3X3 


AGND E 


14 


15 


DX4 
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30-Pln Plastic Shrink DIP 



Ordering Information 




Part Number Package 


Internal Timer 


A(PD71065G 28-pin plastic SO 


Not included 


A(PD71066CT 30-pin plastic shrink DIP 


Implemented to 
FD179X-series 
controllers as head- 
loading timer. 











AOSRE 


1 ^ 


>* 30 


DAVdD 


rdinE 


2 


29 


H AOSC 


MIN/STD C 


3 


28 


H FDCSW2 


RGATE C 


4 


27 


3 LPF1 


MFM/FM C 


5 


26 


3 LPF2 


SYNCSW H 


6 ^ 


25 


DVdd 


SYNC C 


7 = 


24 


3 FDCSWI 


gndE 


8 1: 


23 


3 VCOIN 


RDOUT C 


9 =^ 22 


3 FDDSW 


rclkC 


10 


21 


Dcvc 


FDCCLK C 


11 


20 


3 RESET 


wclkC 


12 


19 


DTCC 


XI C 


13 


18 


DTOUT 


X2C 


14 


17 


DX3 


AGND E 


15 


16 


DX4 
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Pin Identification 



Symbol 


Input/Output Function 


ACQS 




Capacitor connection pin for analog 
one-siiot 


AGND 




Ground for analog circuits 


AOSR 




Resistor connection pin for analog one-shot 


AVdd 




Power supply for analog circuits 


cvc 




Capacitor connection pin for VCO 


FDCCLK 


Output 


Clock to FDC 


FDCSW1 


Input* 


FDC selection pin or timer trigger input 


FDCSW2 


Input* 


FDC selection pin 


FDDSW 


Input* 


Data transfer rate selection pin 


GND 




Ground 


LPF1, LPF2 


Output 


Connection pins to external lowpass filter 


MFM/FM 


Input* 


Recording density selection pin 


MIN/STD 


Input* 


5- or 8-inch FDD selection pin 


RCLK 


Output 


Read data sampling clock 


RDOUT 


Output 


Read data to FDC 


RGATE 


Input* 


Read enable/disable 


RDIN 


Input* 


Read data from FDD 


RESET 


Input* 


System reset 


SYNC 


Input* 


External PLL gain selection 


SYNCSW 


Input* 


Determines whether gain selection is 
internal or external 


TCC 




External RC time constant connection to 
internal timer (a(PD71066) 


TOUT 


Output 


Timer signal ()uPD71066) 


VCOIN 


Input 


External lowpass filter output to internal 
VCO 


Vdd 




-l-5-volt power supply 


WCLK 


Output 


Write clock to FDC 


XI, X2 




Connection pins for 16-MHz crystal (XI, X2) 
or external clock input (XI) 


X3,X4 




Connection pins for 19.2-IVIHz crystal (X3, 
X4) or external clock input (X3) 



♦Input pin has an on-chip pull-up resistor 

Pin Functions 

The following paragraphs supplement the brief de- 
scriptions of certain pins in the preceding table. Pin 
symbols are in alphabetical order. 

FDCSW1 and FDCSW2. The /^POTI 065/66 is con- 
figured for the applicable FDC by applying logic levels 
L and H (or open) to these pins. 



FDCSW1 


FDCSW2 


Floppy-Disk Controller 


Open or H 


Open or H 


//PD765A/7265 


L 


Open or H 


//PD7260 


* 


L 


FD179X series 



* FDCSW1 is the trigger input to the timer circuit when FDCSW2 is 
low, 

FDDSW. The logic level applied to this pin selects the 
data transfer rate of the FDD. 



FDDSW 



Data Transfer Rate 



Open or H 
L 



500/250/125 kb/s 
500/250/300/150 kb/s 



MFM/FM Pin. The logic level applied to this pin and the 
FDCSW2 pin selects the modulation type. Double-density 
and single-density recording use MFM (modified FM) 
and FM modulation, respectively. 



FDCSW2 


MFM/FM 


Modulation 


H 


H 


MFM 


H 


L 


FM 


L 


H 


FM 


L 


L 


MFM 



MIN/STD. Logic level L on this pin selects a 5-inch 
FDD. An open or H selects an 8-inch FDD. 

RDIN. This is a composite read data and clock signal 
input from the FDD. 

RDOUT. The read data output from this pin is syn- 
chronized with the read clock (RCLK) derived from the 
RDIN composite signal. 

RGATE. In conjuction with FDCSW2, RGATE enables 
or disables the read operation that is sent from the 
FDC. 



FDCSW2 


RGATE 


Read Dperation 


H 


H 


Enable 


H 


L 


Disable 


L 


H 


Disable 


L 


L 


Enable 



6-64 



NEC 



//PD71065/66 



SYNC and SYNCSW. The PLL gain is determined by 
tiie intput signal at tine SYNC pin and tiie logic levels at 
the FDCSW1 and SYNCSW pins. 



FDCSW1 



Open or H 



SYNCSW 



SYNC 



Open or H 



H(1) 



L(1) 



H(2) 



L(2) 



PLL Gain 



Low 



High 



Low 



High 



Note: 

(1 ) Input signal at SYNC is the PLL gain selection signal between the 
ID and DATA fields. 

(2) Input signal at SYNC Is the SYNC field detection signal from the 
FDC. 



Block Diagram 
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c 


> 














\ 


j 


\ 
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•* 
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FDCCLK WCLK 



SYNC SYNCSW RCLK RDOUT 




Functions of the block diagram components are explained 
below. 

Clock Generator. Using both 16-MHz and 19.2-MHz 
oscillators, outputs clock signals corresponding to the 
mode used to the FDCCLK and WCLK pins. 

Input Data Generator. According to the input data, 
generates the R and V signals to be input to the phase 
comparator. I n addition to this, the input data generator 
determines whether the analog one-shot circuit or the 
digital one-shot circuit is used. 



Charge Pump and Filter Selector. According to the PLL 
(phase-locked loop) gain selection signal, enables or 
disables the LPF2 side charge pump to control the PLL 
gain. 

Output Data Generator. Generates the window signal 
(RCLK) and read data signal (RDOUT) depending on 
the mode and FDC to be used. 

Sync Byte Detector. Detects the sync field within 16 to 
20 pulses regardless of FM or MFM mode. 

Ident Field Detector. Determines whether the sync 
field detected by the sync byte detector is ID or DATA 
field and sets the PLL gain. 
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Basic External Circuit 

Figure 1 shows the basic external circuit including the 
lowpass filter and crystals. The data transfer rate is 
selected by strapping pins FDDSW, MIN/STD, and 
MFM/FM to L (low) or open (high). See table 1 . 

The VCO frequency and the phase delay between 
RDIN and RDOUT can be optimized by adjusting 
resistors R2 and R1, respectively. 



VCO Frequency 

For this procedure, the data transfer rate is undefined. 
Strap RGATE to H and RDIN to L. Adjust resistor R2 to 
set the VCO frequency at the RCLK pin to the same 
numerical value as the data transfer rate; for example, 
500 kHz and 500 kb/s. 



Figure 


1. Basic External Circuit 
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Data Read Phase Delay 

For this procedure, set the data transfer rate to 500 
kb/s, set the RDIN signal to a 2-//s cycle time, and strap 
RGATE to H. Adjust resistor R1 to set the value of tsjw 
(figure 2) to 950 ns. 



Figure 2. Read Data Timing Diagram 



RDIN 


RDOUT 




RCLK 


83-O0401OA 



Table 1. Data Transfer Rate Selection 





Data Transfer Rate 
(kb/s) 


Clock Output Frequencies from /uPD71 065/71 066 
FDCCLK IMHzj RCLK (kHz) WCLK (kHz) 




Selection Pins (Note 1) 




Floppy-Disk Controllers 


FDOSW 


MIN/STD 


MFIVI/FM 


//PD765A, A(PD7265, 


250 


4 


250 


500 


Open 


Open 


Open 


;uPD72065,/i/PD72066 
(Note 2) 


125 


4 


125 


250 


Open 


Open 


L 


500 


8 


500 


1MHz 


Open 


L 


Open 




250 


8 


250 


500 


Open 


L 


L 




300 


4.8 


300 


600 


L 


Open 


Open 




150 


4.8 


150 


300 


L 


Open 


L 




500 


8 


500 


1MHz 


L 


L 


Open 




250 


8 


250 


500 


L 


L 


L 


//PD7260 (Note 3) 


250 


4 


500 


500 


Open 


Open 


Open 




125 


4 


250 


250 


Open 


Open 


L 




500 


8 


1MHz 


1MHz 


Open 


L 


Open 




250 


8 


500 


500 


Open 


L 


L 




300 


4.8 


600 


600 


L 


Open 


Open 




150 


4.8 


300 


300 


L 


Open 


L 




500 


8 


1MHz 


1MHz 


L 


L 


Open 




250 


8 


500 


500 


L 


L 


L 


FD179X Series (Note 4) 


250 


1 


250 


500 


Open 


Open 


L 




125 


1 


125 


250 


Open 


Open 


Open 




500 


2 


500 


1MHz 


Open 


L 


L 




250 


2 


250 


500 


Open 


L 


Open 




300 


1.2 


300 


600 


L 


Open 


L 




150 


1.2 


150 


300 


L 


Open 


Open 




500 


2 


500 


1MHz 


L 


L 


L 




250 


2 


250 


500 


L 


L 


Open 



(2) //PD765A/7265/72065/72066: 

FDCSW1 and FDCSW2 = Open 

(3) JUPD7260: 

FDCSW1 = L and FDCSW2 = Open. 
FDCLK clock is not used 



E 



Note: 

(1) Selection pin states: L = low; Open = open or H (high) (4) FD179X Series: 

FDCSW1 = Don't care and FDCSW2 = L. 
WCLK clocl< Is not used. 
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Electrical Characteristics 

Figures 3 through 8 are test circuits for verifying 
certain parameters in the dc and ac characteristics 
tables. 



Absolute Maximum Ratings 

Ta = +25°C 



Power supply voltage, Vqd 


-0.3 to +6 V 


Input voltage, V| 


-0.3toVDo+ 0.3 V 


Output voltage, Vq 


-0.3 to VoD + 0.3 V 


Operation temperature, Tqpt 


-10 to +70 »C 


Storage temperature, Tstg 


-40 to +125''C 



DC Characteristics 

Ta = -10 to +70°C; Vdd = +5 V ±10% 
















Symbol 




Limits 




Unit 


Test Conditions 




Parameter 


Min 


Typ 


Max 


Test Circuit 


Input voltage, low 


V|L 


-0.3 




0.8 


V 






Input voltage, high 


V|H 


2.2 




Vdd + 0.3 


V 






Output voltage, low 


Vol 






0.45 


V 


IOL = 2mA 




Output voltage, high 


VOH 


0.7 Vdd 




Vdd 


V 


\qh = - 200 fjA 




Clock input level 


Vkp-p 


1 




Vdd 


V 




Figure 5 


Input leakage current, low 


Ilil 


-150 




-50 


/t/A 


V| = 0V 




Input leakage current, high 


'lih 


-10 




+10 


//A 


V| = Vdd 




Output leakage current, low 


Ilol 


-10 






/«A 


Vo = 0.45 V 




Output leakage current, high 


■loh 






+10 


/^A 


Vo = Vdd 




Power supply current 


'dd 






25 


mA 


XTAL: 16 MHz, 19.2 MHz 


Figure 3 








20 


mA 


XTAL: 16 MHz 


Figure 4 
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AC Characteristics 

Ta = -10 to +70''C; Vdd = +5 V ±10% 




Symbol 




Limits 




Unit 


Test Conditions 




Parameter 


Min 


Typ 


Max 


Test Circuit 


Rise time 


tR 







20 


ns 






Fall time 


tp 







20 


ns 






RDOUT setup time to RCLK t 


tSRR 


40 






ns 


For/yPD7260 


Figure 6 


CLK high/low level width 


tKK 


20 






ns 







VCO oscillation frequency 


fo 






8 


IVIHz 


Vf = Vdd 


VCO free-run frequency 


fi 


3.6 


4 


4.4 


MHz 


FDDSW= H,VF = open 




2.1 


2.4 


2.7 


MHz 


FDDSW = L, Vp = open 


VCO control voltage sensitivity 


Kv 


2.5 


3.5 


4.6 


MHz/V 


|(Vdd/2)-VfI<0.5V 


Kv voltage coefficient 


AKv/Vdd 


-1 


-19 


-22 


%/V 




f| power supply voltage 
coefficient 


Afj/Voo 







5 


%/v 




fj temperature coefficient 


Afi/TA 





-500 


-1000 


ppm/°C 




Phase detect sensitivity 


Kp 


0.7 


0.8 


0.9 


V/rad 




RCLK jitter 


tj 





30 


50 


ns 


500-kb/s mode 


RDIN t to RDOUT t delay time 


tORR 


900 


950 


1000 


ns 





Figure 7 



Figure 8 



Capture range (Note 1) 



fCAP 



537 


427 


l<Hz 


500-kb/s mode 


286 


213 


kHz 


250-kb/s mode 


143 


107 


kHz 


125-kb/s mode 


343 


256 


kHz 


300-kb/s mode 



E 



172 



128 



kHz 



150-kb/s mode 



Note: 

(1) The frequencies in the Max and Min columns are the lower and upper limits, respectively, of 
the capture range. For example, in the 500-kb/s mode, the capture range is from 427 kHz (or 
lower) to 537 kHz (or higher). 
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Figure 


3. Test Circuit 1 
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Figure 4. Test Circuit 2 
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Figure 5. Test Circuit 3 
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Figure 6. Test Circuit 4 
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Figure 7. Test Circuit 5 
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Figure 8. Test Circuit 6 



AtPD71066 



Minimum Data 
Interval 



RDIN 




400 X (IMin Data Interval) 
Duty = 50% 



C1 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

C10 

C11 

C12 



22 pF 
22 pF 
22 pF 
22 pF 
10 pF 
1800 pF 
22,000 pF 
33 pF 
10,000 pF 
10,000 pF 
120 pF 
1 mF 



R1 
R2 
R3 
R4 
R5 
R6 
R7 



3 kn 
27 kO 
10 kn 
1 kn 
7.5 kfi 
560 
33 kO min 



XTAL1 
XTAL2 



VOLPF 



J 



^^^J^ 



16 MHz 
19.2 MHz 



83-00401 6B 



E 



6-75 



/iPD71065/66 



SEC 



System Configurations 

Figures 9 through 23 are system configuration ex- 
amples of the //PD71065 and A/PD71066 with various 
floppy-dlsl< controllers and data transfer rates. See 
table 2. 

For additional details and the values of resistors and 
capacitors, see figure 1 . 



Table 2. System Configuration Examples 



Floppy-Disk 
interface 



Floppy-Disk 
Controllers 



Data Transfer Rates 
(kb/s| 



/iPD71065 /iPDZeSA./^PDZZeS, 
A(PD72065,//PD72066 



500/250/125 



300/150 



500/250/125 
and 300/150 



//PD7260 



500/250/125 



300/150 



500/250/125 
and 300/150 



/yPD71066 /iPD765A, /L/PD7265, 
//PD72065, A/PD72066 



500/250/125 



AfPD7260 



FD179X 



300/150 



500/250/125 
and 300/150 



500/250/125 



300/150 



500/250/125 
and 300/150 



500/250/125 



300/150 



500/250/125 
and 300/150 
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Figure 9. System Example 1: /xPD71065 FDI and /jPD765A FDC 
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Figure 10. System Example 2: /jPD71065 FDI and fjPD765A FDC 
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Figure 1 1. System Exampie 3: nPD71065 FDI and fjPD765A FDC 
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Figure 12. System Example 4: /jPD71065 FDI and fjiPD7260 FDC 
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Figure 13. System Example 5: /jPD71065 FDI and nPD7260 FDC 
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Figure 14. System Example 6: /jPD71065 FDI and /jPD7260 FDC 
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Figure 75. System Example 7: /jPD71066 FDI and jjPD765A FDC 
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Figure 16. System Example 8: /jPD71066 FDI and /jPD765A FDC 
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Figure 17. System Exampie 9: /jPD71066 FDI and /jPD765A FDC 
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Figure 18. System Example 10: /jPD71066 FDI and /jPD7260 FDC 
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Figure 19. System Example 1 1: fjPD71066 FDI and /jPD7260 FDC 
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Figure 20. System Example 12: /jPD71066 FDI and ijPD7260 FDC 
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Figure 27. System Example 13: /jPD71066 FDI and FD 1 79X FDC 
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Figure 22. System Example 14: /jPD71066 FDI and FD179X FDC 
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Figure 23. System Example 15: fiPD71066 FDI and FD179X FDC 
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PRELIMINARY INFORMATION 



/yPD7260 
HARD AND FLOPPY 
DISK CONTROLLER 



Description 

The juPD7260 is a single-chip disk controller that is 
capable of interfacing to a maximum of four floppy or 
hard disks in any combination. The chip utilizes the 
ST-506 defacto standard for the Winchester disks and 
is compatible with 8-inch, 5-1/4-inch and 3-1/2-inch 
floppy disks. The /uPD7260 is based on the /uPD7261 A 
architecture, but with changes to enhance performance 
and flexibility. The/uPD7260 can generate both IBM- 
and ECMA-compatible floppy disks and hard disks 
with the standard format. ECC and CRC capabilities 
along with many high-level commands provide excel- 
lent system throughput, and the single-chip design 
provides for efficient board space utilization. 

Features 

D Hard and floppy disk interface 

D Controls four drives (any combination) 

simultaneously 
D Programmable track format 
D Transfer rate 6 MHz maximum 
D 16 high-level disk commands 
D Parallel seek capability 

D Multi-sector, -track, -cylinder read/write capability 
D Implied seek function 
D CRC error detection 
D ECC error detection and correction 
n DMA data transfer 
D Single +5 volt supply 
D NMOS 40-pin ceramic DIP 



Pin Configuration 



//PD7260 Commands 

Check 
Detect Error 
Read Data 
Read Diagnostic 
Read ID 
Recalibrate 
Scan 
Seek 



Sense Intr. Status 
Sense Status 
Specifyl 
Specify2 
Verify Data 
Verify ID 
Write Data 
Write Format 



Ordering Information 




Part Number Package Type 


Max Frequency 
of Operation 


//PD7260D 40-pin ceramic DIP 


12 MHz 













SYNCC 


1 »< 


>' 40 


3Vcc 


R/W DATA C 


2 


39 


1 RGATE 




rclkC 


3 


38 


2 WGATE 




RESET C 


4 


37 


3CLK 




intC 


S 


36 


H INDEX 




DMARQ C 


6 


35 


3PCL 




fcC 


7 


34 


D PCE 




wclkC 
rdC 
WrC 


8 33 

9 32 

10 1 31 


1 [DSD] (2 Side) 
1 [SKC] (WPRT) 
3 FLT/TRKO 




AoC 11 g 30 
Do C 12 "^ 29 
Di C 13 28 


3 READY 

DDSo 

3 DS1 




Dj C 
D3C 
D4C 
DsC 

DeC 


14 
15 
16 
17 
18 


27 
26 
25 
24 
23 


DHSo 

3 [HSi] 

3 [HS2I (FLTR) 

3 IHS3] (HDLD) 

3 RW/SEEK 




D7C 


19 


22 


3 MFM/STEP 




[ I Hard disk only CD C 


20 


21 


3 RWC/DIR 


83-002629A 


( ) Floppy disk only 









Pin Identification 


No. 


Symbol 


Function 


1 


SYNC 


PLL synchronization output 


2 


R/W DATA 


Read data input or write data output 


3 


RCLK 


Read clock input 


4 


RESET 


System reset Input from host 
computer 


5 


INT 


Interrupt request output 


6 


DMARQ 


DMA request output 


7 


TC 


Terminal count input from DMA 


8 


WCLK 


Write clock Input 


9 


RD 


Host computer read control input 


10 


WR 


Host computer write control input 


11 


Ao 


Status/command register or FIFO 
select pin 


12-19 


D0-D7 


System data bus connections 


20 


GND 


System ground 


21 


RWC/DIR 


If RW/SEEK = 1, outputs read/write 
current decrease signal. If RW/SEEK 
= 0, outputs the direction RW head 
is to move. 


22 


MFM/STEP 


If RW/SEEK = 1, outputs MFM signal 
to VCO circuit. If RW/SEEK = 0, 
outputs STEP signal to move RW 
head. 


23 


RW/SEEK 


Output signal that specifies function 
of some multiplexed signals 
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Pin Identification (cont) 


No. 


Symbol 


Function 


24 


[HS3] 
(HDLD) 


For hard disk, head seiect 3 output. 
For floppy disk, head load output. 


25 


[HS2] 
(FLTR) 


For hard disk, head select 2 output. 
For floppy disk, output to clear drive 
fault state. 


26 


[HSi] 


Head select output to disk drive. 


27 


HSo 


Head select output to disk drive. 


28-29 


DS1-DS0 


Drive select outputs. 


30 


READY 


Ready input from disk drive. 


31 


FLT/TRKO 


If RW/SEEK = 1, inputs a fault flag 
from the disk drive. If RW/SEEK = 0, 
inputs a signal indicating R/W head 
is over cylinder zero. 


32 


[SKC] 
(WPRT) 


Seek complete input from hard disk 
drive, or write protected input from 
floppy disk drive. 



No. 


Symbol 


Function 


33 


[DSD] 
(2 Side) 


Drive selected input from hard disk 
drive, or double-sided disk input 
from floppy disk drive. 


34-35 


PCE, PCL 


Precompensation early/late output 
to disk drive 


36 


INDEX 


Index hole detect input from disk 
drive 


37 


CLK 


System clock input from host 
computer 


38 


WGATE 


Write gate output to disk drive 


39 


RGATE 


Read gate output to disk drive 


40 


Vcc 


-1-5 V (typical) 
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/iPD7261A/B 
HARD-DISK CONTROLLERS 



Description 

The |iPD7261A and hPD7261B hard-disk controllers are 
intelligent microprocessor peripherals designed to con- 
trol a number of different types of disk drives. They are 
capable of supporting either hard-sector or soft-sector 
disks and provide all control signals that interface the 
controller with either SMD disk interfaces or ST506-type 
drives. The sophisticated instruction set minimizes the 
software overhead for the host microprocessor. By us- 
ing the DIVIA controller, the microprocessor needs only 
to load a few command bytes into the fiPD7261A/7261B 
and all the data transfers associated with read, write, or 
format operations are done by the /iPD7261A/7261B and 
the DMA controller. Extensive error reporting, verify 
commands, ECC, and CRC data error checking assure 
reliable controller operation. The /iPD7261A/7261B pro- 
vides internal address mark detection, ID verification, 
and CRC or ECC checking and verification. An eight- 
byte FIFO is used for loading command parameters and 
obtaining command results. This makes the structuring 
of software drivers a simple task. The FIFO is also used 
for buffering data during DMA read/write operations. 

Features 

D Flexible interface to various types of hard disk 
drives 

D Programmable track format 

D Controls up to 8 drives 

D Parallel seek operation capability 

D Multi-sector and multi-track transfer capability 

D Data scan and data verify capability 

D High-level commands, including: 

Read Data, Read ID, Write Data, Format, Scan Data, 
Verify Data, Verify ID, Check, Seek (normal or buf- 
fered). Recalibrate (normal or buffered). Read 
Diagnostic (SMD only). Specify, Sense Interrupt 
Status, Sense Unit Status, and Detect Error 

D N RZ or MFM data format 

D Maximum R/WCLK frequency: 18 MHz (7261B) 

12MHz(7261A) 

n Error detection and correction capability 

D Simple I/O structure: compatible with most 
microprocessors 

D All inputs and outputs except clock pins are TTL- 
compatible (clock pins require pullup) 

n Data transfers under DMA control 

D NMOS 

D Single +5 V power supply 

D 40-pin dual-in-line package 



Pin Configuration 



SYNCC 


1 


<U 40 


bVcc 


R/W DATA C 


2 


39 


P BT1 (RGATE) 


R/W CLK C 


3 


38 


3 BTO (WGATE) 


RESET C 


4 


37 


3 CLK 


INTC 


5 


36 


P INDEX 


DREQ C 


6 


35 


J SCT (PCL) 


TCC 


7 


34 


J USTG (PCE) 


csC 


8 


33 


J SSTG (DSD) 


rdC 


9 


E 32 


DBDIR (SKC) 


WrE 


10 


< 31 
R 30 


3 fG3 (TRKO) 


AOC 


11 


D TG2 (READY) 


DOC 


12 


^ 29 


2 TGI (WFLT) 


Die 


13 


28 


3 BT2 (DSO) 


D2C 


14 


27 


:DBT3 (DSI) 


D3C 


15 


26 


3BT4 (HSO) 


04 C 


16 


25 


3BT5 (HS1) 


DSC 


17 


24 


3 BT6 (HS2) 


D6C 


18 


23 


3 BT7 (RWC) 


D7C 


19 


22 


3 BT8 (STEP) 


GNDC 20 


21 


D BT9 (DIR) 


Note: Signals 


shown 


In parentheses are used In the ST506 mode. 




49-000954A 



Ordering information 



D«viee Number 


Package IViw 


MaxFreq. 
of Operation 


t<PD7261AD 


40-pin ceramic 


DIP 12 MHz 


^PD7261BD-18 


40-pin ceramic 


DIP 18 MHz 


Pin identification 


No. 


Symbol 


Function 


Host Interface 


4 


RESET 


Reset input 


5 


INT 


Interrupt request output 


6 


DREQ 


DMA request output 


7 


TC 


Terminalcount input 


8 


GS 


Chip select input 


9 


RD 


Read strobe input 


10 


WR 


Write strobe input 


11 


Ao 


, Register select input 


12-19 


D0-D7 


. Data I/O bus 


20 


GND 


Ground 


37 


CLOCK 


External clock input 


40 


Vcc 


-1-5 V power supply 


SMD Interface 


1 


SYNC 


PLL synchronization 
output 


2 


R/W DATA 


Read/write data I/O 


3 


R/WCLK 


Read/write clock input 


21-28, 38, 39 


BT9-BT0 


Bit 9-0 outputs /Status 
inputs 



E 
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Pin identification (cont) 



No. 


Symbol 


Function 


SMD Interface (cont) 


29-31 


TGT-fG3 


Tag 1-3 output 


32 


BDIR 


Bit direction output 


33 


SSTG 


SR select tag output 


34 


USTG 


Unit select tag output 


35 


SCT 


Sector input 


36 


INDEX 


Sector zero input 


ST506-Type Interface 


1 


SYNC 


PLL lock / Read clock 
enable output 


2 


R/WDATA 


■ Read/write data I/O 


3 


R/WCLK 


Read/write clock input 


21 


DIR 


Direction in output 


22 


STEP 


Step pulse output 


23 


RWC 


Reduced write current 
output 


24-26 


HS2-HS0 


Head select outputs 2-0 


27,28 


DS1, DSO 


Drive select outputs 1,0 


29 


WFLT 


Write fault input 


30 


READY 


Ready input 


31 


TRKO 


Track zero input 


32 


SKC 


Seek complete input 


33 


DSD 


Drive selected input 


34 


PCE 


Precomp early output 


35 


PCL 


Precomp late output 


36 


■ INDEX 


. Index input 


38 


WGATE 


Write gate output 


39 


RGATE 


Read gate output 



Pin Functions— Host interface 

RESET (Reset) 

When the RESET input is pulled high, it forces the de- 
vice into an idle state. The device remains idle until a 
command is issued to the system. 

INT (Interrupt Request) 

The /iPD7261A/7261B pulls the INT output high to re- 
quest an interrupt. 

DREQ (DMA Request) 

The pPD7261A/7261B pulls the DREQ output high to re- 
quest a DMA transfer between the disk controller and 
the memory. 



TC (Terminal Count) 

The TC input goes low to signal the final DMA transfer. 

CS (Chip Select) 

When the CS input is lovv, it enables reading from or writ- 
ing to the register selected by Aq. 

RD (Read Strobe) 

When the RD strobe is low, data is read from the se- 
lected register. 

WR (Write Strobe) 

When the WR input is low, data is written to the selected 
register. 

Aq (Register Select) 

The Aq input is connected to a non-multiplexed address 
bus line. When Aq is high, it selects the command or sta- 
tus register. When it is low, it selects the data buffer. 

Do- D7 (Data Bus) 

D0-D7 are connected to the system data bus. 

CLOCK (Clock) 

The CLOCK input is the timing clock for the on-chip 
processor. 

Pin Functions — SIMD Interface 

SYNC (PLL Synchronization) 

This o utpu t goes high after the read gate signal (BT1 
when TG3 = 0) is high and a given number of bytes 
(GPL2-2) has elapsed. 

R / W DATA (Read /Write Data) 

The R/W DATA pin outputs the write data to the drive, 
and inputs the read data from the drive. 

R/W CLK (Read/ Write Clock) 

R/W CLK is the input for the read and write clocks. 

BT9-BT0 (Bit 9-0) 

BT9-BT0 output the bit signals, bit 9-0. The bit 9-0 out- 
puts send cylinder and unit addresses to the drives. 
BT9-BT2 also act as inputs for status signals from the 
drives as shown in table 1. 
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Table 1. Bit and Control Information 



No. 


Bit 


Control 


21 


BT9 


Unit Selected 


22 


BT8 


Seek End 


23 


BT7 


Write Protected 


24 


BT6 




25 


BT5 


Unit Ready 


26 


BT4 


On Cylinder 


27 


BT3 


Seek Error 


28 


BT2 


Fault 



BT7-BT2 also read the device status 2 (SR7-SR2) and 
device type (DT7-DT2). The index and SCT pins read 
SRO, SRI and DTO, DTI. 

BDIR (Bit Direction) 

The BDIR output determines whether pins 28-21 will 
output BT2-BT9 or input drive status signals. 

tG3-fG1 (Tag 3-1) 

The TG outputs define the use of the BT pins. When TGI 
is low, BT9-BT0 output the cylinder address. Wh en T G2 
is low, BT7-BT0 select a head address. When TG3 is 
low, BT9-BT0 output control signals for the disk drive. 



SSTG (SR Select Tag) 



When the SSTG output is low, BT7-BT2, INDEX and SCT 
will be inputting SR7-SR0 or DT7-DT0. 



USTG (Unit Select Tag) 

When the USTG output is low, BT4-BT2 will be output- 
ting a unit address. 

INDEX (Index) 

The INDEX input goes high when the drive detects an 
index mark. INDEX also acts as the SRO and DTO input 
pin. 

SCT (Sector) 

The SCT input goes high when the drive detects a sector 
mark. SCT also acts as the SR1 and DTI input pin. 

Pin Functions — ST506-TVpe interface 

SYNC (Read Clock Enable) 

SYNC indicates that a sync pattern has been detected 
and that synchronization has been achieved. 



R/W DATA (Read/Write Data) 

The R/W DATA pin outputs the write data to the drive, 
and inputs the read data from the drive. 

R/W CLK (Read/Write Clock) 

R/W CLK is the input for the read and write clocks. 

DIR (Direction In) 

The DIR output determines the direction the read/write 
head will move in when it receivesastep pulse. DIR high 
will cause the head to move inward, DIR low will move 
the head outward. 



STEP (Step Pulse) 

STEP outputs the head step pulses. 

RWC (Reduced Write Current) 

The RWC output signals that the read/write head of the 
disk drive has selected a cylinder address larger than 
that specified in the SPECIFY command. This signal is 
used to reduce the write current. 

HS2-HS0 (Head Select 2-0) 

The HS2-HS0 outputs select the head. Up to 8 read/ 
write heads can be selected per drive. 

DS1,DS0 (Drive Select 1,0) 

The DS1 and DSO outputs select one of up to 4 drives. 

WFLT (Write Fault) 

The WFLT input detects write faults. 

READY (Ready) 

The READY input detects the drive's ready state. 

TRKO (Track 0) 

The TRKO input signals that the head is at track 0. 

SKC (Seek Complete) 

The SKC input signals that a seek is complete. 

DSD (Drive Selected) 

The DSD input signals that the drive is selected. 

PCE(Precomp Early) 

When the PCE output is high, early write precompensa- 
tion is required. 

PCL (Precomp Late) 

When the PCL output is high, late write precompensa- 
tion is required. 
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INDEX (Index) 

The INDEX input goes high when the drive detects the 
index marl<. 

WGATE (Write Gate) 

WGATE output goes high when the )uPD7261A/7261B is 
writing data. 

RGATE (Read Gate) 

The RGATE output goes high when the )ljPD7261A/ 
7261 B is reading from the disl<. 

Block Diagram 



R/WCLK- 

BTI(RGATE)- 

R/WDATA- 

BTO (WGATE) - 

SYNC - 

(PCL)SCT- 

INDEX- 



Data Buffer 
8-byte FIFO 



Processing Unit 



Command/ 
Status Reg. 



RD-k- 
WR-*- 
CS-fc- 
INT-«H 


Read 
Write/INT 

/DMA 
Control 


DREQ-«h 





■CLK 
• RESET 



Disk 
Inter- 
face 
Control 



Multifunction 
Disk 

Interface 
Lines 



ROM 
(Control Firmware) 



Absolute Maximum Ratings 




Operating temperature, Tqpt 


0°Cto-t-70°C 


Storage temperature, Tsjg 


-65''Cto-i-150°C 


Voltage on any pin with respect to ground, Vcc 


-0.5to-H7.OV 


Input voltage, V| 


-0.5to-i-7.0V 


Output voltage, Vo 


^0.5to-H7.0V 



Comment: Exposing the device to stresses above those listed In 
the Absolute Maximum Ratings could cause permanent dam- 
age. The device should not be operated under conditions outside 
the limits described in the operational sections of this 
specification. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



DC Characteristics 

VPD7261B specifications are preliminary 

TA = Oto •f-70°C,Vcc= -h5.0V±10% unless othenwise specified 





Symbol ' 




Limits 




Unit 


Test 


Parameter 


MIn 


TVP 


Max 


Conditions 


Input voltage 
low 


V|L1 


-0.5 




+Q.8 


V 


All except CLK, 
R/WCLK 


Input voltage 
low 


V|L2 


-0.5 




-1-0.6 


V 


CLK, R/WCLK 


Input voltage 
high 


V|H1 


-1-2.0 




Vcc+0. 


5 V 


All except CLK, 
R/WCLK 


Input voltage 
high 


V|H2 


-H3.3 




Vcc+0. 


5 V 


CLK, R/WCLK 


Output voltage 
low 


Vol 






-hO.45 


V 


IOL=+2.0mA 


Output voltage 
high 


VOHI 


-1-2.4 






V 


IOH=-100nA, 
all except pins 
21-34 


Output voltage 
high 


V0H2 


-1-2.4 






V 


IOH=-50f^, 
pins 21-34 


Input leakage 
current 


ILII 






±10 


mA 


V|N=Vccto 
0.45 V, 

all except pins 
21-34 


Input leakage 
current 


IlI2 






-500 


mA 


V|N = VcctO 
0.45 V, 
pins 21-34 


Output leakage 
current 


Ilo 






±10 


^A 


VoUT = Vccto 
0.45V 


Supply current 


Ice 




250 


320 


mA 




Capacitance 

Ta = 25°C,Vcc = 0V 




Symbo 




Limits 


Un 


Test 


Parameter 


Min 


TVp 


Max 


t Conditions 


Input 
capacitance 


C|N 






15 


PF 


(Note 1) 


Output 
capacitance 


Cqut 






15 


PF 


(Note 1) 


Input/Output 
capacitance 


C|/0 






20 


pF 


(Note 1) 



Note: 

(1) f = 1 MHz, All unmeasured pins tied to GND. 
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AC Characteristics 

nPD7261B specifications are preliminary. 

TA = 0°Cto +70°C,Vcc= +5V ±10% unless othenA/ise specified 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


IVp Max 


Conditions 


Processor Interface 


Clock cycle 


tCY 


83 




ns 


7261Aonly 




55 




ns 


7261B only 


Clock time, low 


tCL 


30 




ns 




Clock time, fiigh ten 


30 




ns 




Clock rise time 


tCR 




10 


ns 




Clock fall time 


tCF 




10 


ns 




A^, CS setup to 
RD 


Ur 







ns 




Aq, CS hold 
from RD 


Ira 







ns 




RD pulse width 


tRR 


200 




ns 




Data delay from 
RD 


tRD 




150 


ns 




Output float 
delay 


tRDF 





100 


ns 




Data delay from 
Aq, CS 


tAD 




150 


ns 




Aq, CS setup to 
WR 


Iaw 







ns 




Aq, CS hold 
from WR 


fWA 







ns 




WR pulse width 


tww 


200 




ns 




Data setup to 
WR 


tow 


100 




ns 




Data hold from 
WR 


%D 


5 




ns 




Recovery time 
from RD, WR 


tRV 


200 




ns 




Reset pulse 
width 


Ires 


100 




^CY 




TC pulse width 


tie 


100 




ns 




INT delay from 
WRt 


%i 




200 


ns 




DREQ delay from twRQ 
WRt 




250 


ns 




DREQ delay from tpRQi 
RDt 




250 


ns 




DREQ delay from tRRQ2 
RDi 




150 


ns 




ST506-Type Interface 


R/W CLK cycle 


fRWCY 


83 




ns 


7261A 


period 


55 




ns 


7261B 


R/W CLK time. 


tRWCL 


30 




ns 


7261A 


low 


20 




ns 


7261B 


R/W CLK time. 


tRWCH 


30 




ns 


7261A 


high 


20 




ns 


72618 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


TVp Max 


Conditions 


ST506-Type Interface (cont) 


R/W CLK rise 
time 


tRWCR 




10 


ns 




R/W CLK fall 
time 


tRWCF 




10 


ns 




R/W DATA setup Irdrc 
to R/W CLK 


40 




ns 




R/W DATA hold 


tRCRD 


5 




ns 


7261A 


from R/W CLK 







ns 


7261B 


R/W DATA delay 


tWCWD 


35 


90 


ns 


7261A 


from R/W CLK 





55 


ns 


7261B 


RGATE delay 
from R/W CLK 


tRCRG 




300 


ns 




WGATE delay 
from R/W CLK 


tWCWG 




150 


ns 




PCE/PCL delay 


tRWCPC 


35 


110 


ns 


7261A 


fram R/W CLK 





55 


ns 


7261B 


SYNC delay from Irwcsy 
R/W CLK 




150 


ns 




DSO, DS1 setup 
to STEP 


tOSST 


250 




tCY 


Normal seek 
mode 


DIR setup to 
STEP 


tOIST 


200 




tCY 


Normal seek 
mode 


STEP pulse 
width 


tSTEP 


69 


85 


k\ 


Normal seek 
mode 


DSO, DS1 hold 
from STEP 


tSTDS 


750 




tCY(1) 


Normal seek 
mode 


DIR hold from 
STEP 


tSTDI 


750 




tCY(1) 


Normal seek 
mode 


DSO, DS1 hold 
from SKC 


tSKDS 


100 




1cy(2) 


Normal seek 
mode 


DIR hold from 
SKC 


tSKDI 


100 




tCY(2) 


Normal seek 
mode 


DSO, DS1 setup 
to STEP 


tDSSTB 


250 




<CY 


Buffered seek 
mode 


DIR setup to 
STEP 


toiSTB 


200 




tCY 


Buffered seek 
mode 


STEP pulse 
width 


tSTEPB 


69 


85 


tCY 


Buffered seek 
mode 


STEP cycle 
period 


tSTCY 


570 


660 


Icy 


Buffered seek 
mode 


DSO, DS1 hold 
from STEP 


'STDSB 


200 




tCY(1) 


Buffered seek 
mode 


DIR hold from 
STEP 


tSTDIB 


200 




tCY(1) 


Buffered seek 
mode 



Note: 

(1) Polling mode 

(2) Nonpolling 

(3) AC Characteristics are tested with C|_ = 100 pF. 
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AC Characteristics (cent) 

TA = 0°Cto +70°C,Vcc= +5V ±10%;Vss = 0V 





Symbol 




Limits 


" Unit 


Test 


Parameter 


MIn 


1Vp Max 


Conditions 


ST506-Type Interface (cont) 


DSO, DS1 hold 
from SKC 


tSKDSB 


100 




tCY(2) 


Buffered seek 
mode 


DIR hold from 
SKC 


tSKDIB 


100 




tCY(2) 


Buffered seek 
mode 


Index pulse widthtiDXF 


8 




Irwcy 




SMD Interface 


R/W CLK cycle 


Irwcy 


83 




ns 


7261A 


period 


55 




ns 


7261B 


R/W CLK time, 


Irwcl 


30 




ns 


7261A 


low 


20 




ns 


7261B 


R/W CLK time. 


tRWCH 


30 




ns 


7261A 


high 


20 




ns 


7261B 


R/W CLK rise 
time 


tRW/CR 




10 


ns 




R/W CLK fall 
time 


tRWCF 




10 


ns 




R/W DATA setup tRpRC 
to R/W CLK 


40 




ns 




R/W DATA hold 


tRCRD 


5 




ns 


7261A 


from R/W CLK 







ns 


7261 B 


R/W DATA delay 


twCWD _ 


35 


90 


ns 


7261A 


from R/W CLK 





55 


ns 


7261B 


BT1 delay from 
R/W CLK 


tRCRG 




300 


ns 




BTO delay from 
R/W CLK 


twCWG 




150 


ns 




SYNC delay from tpwcsY 
R/W CLK 




150 


ns 




BDIR setup to 
USTG 


tBDUT 


60 




tCY 


Unit select 
operation 


BDIR hold from 
USTG 


tUTBD 


15 




tCY 


Unit select 
operation 


Unit ADR setup 
to USTG 


lUAUT 


20 


40 


tCY 


Unit select 
operation 


Unit ADR hold 
from USTG 


tUTUA 


15 




tCY 


Unit select 
operation 


BDIR setup to 
TG1 


tSDTI 


27 


48 


tCY 


Cylinder select 
operation 


BDIR hold from 
TG1 


tT1BD 


60 




tCY 


Cylinder select 
operation 





Symbol 




Limits 


Unit 


Test 


Parameter 


MIn 


IVp Max 


Conditions 


CYL. ADR setup tcAn 
to TGI 


27 


48 


tCY 


Cylinder select 
operation 


CYL. ADR hold 
from TGI 


^TICA 


60 




ky 


Cylinder select 
operation 


TGI pulse width 


'tgi 


24 


36 


ky 


Cylinder select 
operation 


BDIR setup to 
TG2 


tBDT2 


15 




ky 


Head select 
operation 


BDIR hold from 
TG2 


tT2BD 


70 




ky 


Head select 
operation 


HEAD ADR setup tHAT2 
TG2 


15 


70 


tCY 


Head select 
operation 


HEAD ADR hold 
from TG2 


tT2HA 


70 




tCY 


Head select 
operation 


TG2, pulse 
width 


tTG2 


24 


36 


tCY 


Head select 
operation 


BDIR setup to 
TG3 


tBDT3 


24 




'CY 


(Note 4) 


BDIR hold from 
TG3 


tT3BD 


24 


36 


tCY 


(Note 4) 


TG3, pulse 
width 


tTG3 


56 


66 


tCY 


(Note 4) 


BT2, 3,4,6, 7, 
8 setup from 
TG3 


^BTTS 




56 


tCY 


(Note 4) 


BT4,6holdfron 
TG3 


^TSBTI 


24 




tCY 


(Note 4) 


BT2, 3, 7, 8 
hold from TG3 


1t3BT2 


75 




tCY 


(Note 4) 


BDIR delay from 
SSTG 


tSTBD 


24 




*CY 


(Note 5) 


BDIR high time 


^BDIR 


54 


66 


tCY 


(Note 5) 


BT9 setup to 
BDIR 


^BTBD 


24 


36 


tCY 


(Note 5) 


BT9 hold from 
BDIR 


tBDBT 


24 


33 


tCY 


(Note 5) 


SSTG pulse 
width 


^SSTG 




200 


tCY 


(Note 5) 


Index pulse 
width 


'iDXH 


8 




tRWCY 




SCT pulse width 


tSCT 


8 




tRWCY 





Note: 

(4) RTZ, FAULT CLR, SERVO, DATA STB, control timing. 

(5) Sense unit status timing. 
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Timing Waveforms— Host System Interface 

AC Test Points (Except R/W CLK, CLK) 



X2.0 V 
o.a V 



2.0 V\/" 



CLK Waveform 




Read Timing 



■'ZJi 



K 



1D-H — ► 

hZ3 



V 



Write Timing 



AO, CS 



>: 



K 



■H h »ww M h" 

■•— tow- 



V 



■" — I WD 



K 



\ 



DA*>1 lyrffe r/ni/iig 














WR \ 


/ 


r 

•— tWRQ— • 


83-003482A 


OREO 


\ 



DAf>l Read Timing 



During Disk Read Operation 


_/ 




RD \ 


( 

•-tRRQI — 




DREQ 


^ 


After Disl( Read Operation 


A 




RD \ 


"• tRRQ2 .^ 


I 




DREQ \ 






















\ 


■ 












83-003483A 



Reset Waveform 



/ 



K 



SAfD Interface, R/W CLK Waveform 



•rwcr- 



_/^~l^^_/ 



-tRWCL-* 



SIVID Interface, Data Read/Write Timing 



RfW Data 
(input) 



R/W Data 
(Output) 



)RC— H I*- 



DC 
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Timing Waveforms-— Host System Interface (cent) 



SMD Interface, Read/Write Timing 








R/W CLK 7 

BT1 
(Read Gate) 


' \J 


•rcrg 


' \ 


^L_ 








/« 


IWCWG 


\ 


BT1 
(Write Gate) 


-• ^twCWQ 










r 


• HtRWCSY 


•rwcsy 


\ 


SYNC 










_/ 




\ 






83-003487A' 



SIVID Interface, Unit Select Timing 



/ 



-tBDUT- 



^. 



h^f U AUT -*!-' — tuTU A — ► 
yt Unit Address Valid ' j^ 



SIVID Interface, Seek Timing 



I 



cx 



-tTG1- 



^.^ f 



Cylinder Address Valid 



KZ 



SMD Interface, Head Select Timing 



7 



DC 



^.__y^ 



Head Address Valid 



X 



Bit Bus Timing, Fault Clear/Return-to-Zero 








BDiR ; 


\ 


•• tBDT3 ► 


•-'T3BD-* 






TG3 \^ / 




1 


. 












BT4, 6 


J V 










83-003491 A | 



Bit Bus Timing, Servo Offset/Data Strobe 



\ 



\ 



BT2, 3, 7, 8 



J 



)c: 



Bit Biis 9 Timing 













1 


BDIR y 


\ 


i 












SSTG \ 


tSTBD 

L 




/ 


( 




, 








tBDBT 


BT9 


> 


: valid ^ 


< 


Input 














B3-003493A 



Floppy-Like interface, R/W CLK Waveform 



*— tRWCL-* 



^'~^^J V. 



-tRWCF 
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Timing Waveforms— Host System interface (cent) 

Floppy-Like Interface, Data Read/Write Operation Normal See/r Operation 



R/W Data 
(Input) 



R/W Data 
(Output) 



DOC 



>c 



Floppy-Like interface, Read/Write Operation 




X 



HtRWCSY tRwCSY 



x: 



x_ 



Polling Mode 



"I^ 



xz 



)C 



^^' 



X 



Non-Polling Mode 



3C 



X 



1^ 

U— tSKDI 



l_y^' 




/ 



Buffered Seek Operation 



Polling Mode 



••■DC 



x: 



■^ 



tDISTB tSTEPB 



^.^^^J/ 



X 



Non-Polling Mode 



■JC 



X 



3c 
xz 



tDISTB tSTEPBh 



^^^^^ 



/ 
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Timing Waveforms ■— Host System Interface 
(cent) 

Read/Write Sequence (Disk Command Issue) 



Parameter Disk 
Writes Command 
Issue 



INT STR Result 

Req. Read Status 

I I Reads 



'mill 



Parameter Another 

Writes Disl( 

I Command 

I 1 1 Issue 

'IIIM' I 



CEH + CEL 
INT 



■-^^ 



(CLCE Command Issue) 
^f 



Sense Interrupt Status Request When Controller 
Not Busy 



INT STR SENSE INT INT STR Result 

Req. Read STATUS Req. Read Status 

I I Command i I Reads 

Issue I 



J— ^^— L 



INT 
SRQ 



Sense Interrupt Status Request When Controller Busy 



INT STR HSRQ INT STR Result CLCE SENSE INT INT 

Req. Read Command Req. Read Status Command STATUS Req. 
I I Issue I I Reads Issue Command | 

Issue 



nil' 



CB 

CEH + CEL 

INT r 
SRQ r 



U^ 



SRQ Mask (SRQM) Is Set 




High-Levei Commands 

Specify 

Allows user to select SMD or ST506-type mode data 
block length, ending track number, end sector number, 
gap length, track at which write current Is reduced, ECC 
or CRC function, choice of polynomial, and polling 
mode enable. 

Sense Interrupt Status 

When a change of disk status occurs, the H DC will inter- 
rupt the host CPU. This command will reveal the cause 
of interrupt, such as seek end, disk ready change, seek 
error, or equipment check. The disk unit address is also 
supplied. 

Sense Unit Status 

The host CPU specifies the drive numbers and the HDC 
will return information such as write fault, ready, track 
000, seek complete and drive selected, or for SMD units 
fault, seek error, on cylinder, unit ready, AM found, write 
protected, seek end, and unit selected. 

Detect Error 

Used after a read operation where ECC has been em- 
ployed. The detect error command supplies the infor- 
mation needed to allow the host CPU to execute an error 
correction routine. (Only allowed when an actual cor- 
rectable error is detected by the H DC.) 

Recalibrate 

Returns the disk drive heads to the home position or 
track 000 position. Has four modes of operation: SMD, 
normal, buffered, or nonpolling. 
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Seek 

Moves the disk drive heads to the specified cylinder. As 
in recalibrate, seek has four modes of operation. 

Format 

This command is used to initialize the medium with the 
desired format which includes various gap lengths, 
data patterns, and CRC codes. This command is used in 
conjunction with the specify command. 

Verify ID 

Used to verify the ID bytes with data from memory. Per- 
forms the operation over a specified number of sectors. 

Read ID 

Used to verify the position of the read/write heads. 

Read Diagnostic 

Used in SMD mode only, the command allows the pro- 
grammer to read a sector of data even if the I D portion of 
the sector is defective. Only one sector at a time can be 
read. 

Read Data 

Reads and transfers to the system memory the number 
of sectors specified. The HDC can read multiple sectors 
and multiple tracks with one instruction. 

Scan 

Compares a specified block of memory with specified 
sectors on the disk. The 7261A/7261B continues until a 
sector with matching data is found, until the sector 
count reaches zero, or the end of the cylinder is 
reached. 

Verify Data 

Makes a sector-by-sector comparison of data in the sys- 
tem memory by DMA transfer. As in read operation, mul- 
tiple sectors and tracks may be verified with this 
commmand. 



Write Data 

Data from the system memory, transferred by DMA, is 
written onto the specified disk unit. As in the read com- 
mand, data may be written onto successive sectors and 
tracks. 

Auxiliary Command 

Allows four additional functions to be executed: soft- 
ware reset, clear data buffer, mask interrupt request bit 
(masks interrupts caused by change of status of drives), 
and reset interrupt caused by command termination 
(used when no further disk commands will be issued, 
which would normally reset the interrupt). 

Command Operation 

There are three phases for most of the instructions that 
theptPD7261A/7261B can execute: command phase, ex- 
ecution phase, and result phase. During the command 
phase the host CPU loads preset parameters into the 
/iPD7261A/7261B FIFO via the data bus and by succes- 
sive write pulses to the part with Aq and CS true low. 
Once the required parameter bytes are loaded the ap- 
propriate command is initiated by issuing a write pulse 
with Aq high and CS low and the command code on the 
data bus. 

The jjPD7261A/7261B is now in the execution phase. 
This can be verified by examining the status register bit 
7 (the controller busy bit). The execution phase is ended 
when a normal termination or an abnormal termination 
occurs. An abnormal termination can occur due to a 
read or write error, or a change of status in the ad- 
dressed disk drive. A normal termination occurs when 
the command given is correctly completed. (This is indi- 
cated by bits In the status register.) The result phase is 
then entered. The host CPU may read various result pa- 
rameters from the FIFO. These result parameters may 
be useful in determining the cause of an interrupt, or the 
location of a sector causing a read error, for example. 

The chart shown in table 2 illustrates the preset 
parameters and result parameters that are associated 
with each command. The abbreviations are defined at 
the end of table 2. 
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Table 2. Preset Parameters and Result Status Byte 


Disk 


Command 
Code 








Preset Parameters /Result Status 






Command 


1st 


2nd 


3rd 


4th 


Sth 


6th 


7th 


Sth 


Detect error 


0100X 


EADH 


EADL 


EPT1 


EPT2 


EPT3 








Recalibrate 


0101[B] 


1ST* 
















Seek 


0110[B] 


PCNH 
1ST* 


PCNL 














Format 


0111(S) 


PHN 
EST 


(PSN) 
SCNT 


SCNT 


DPAT 


GPL1 


[GPL3] 






Verify ID 


1000(S) 


PHN 
EST 


(PSN) 
SCNT 


SCNT 












Read ID 


iom(S) 


PHN 
EST 


(PSN) 
SCNT 


SCNT 












(Read diagnostic) 


1010X 


PHN 
EST 


PSN 














Read data 


1011X 


PHN 
EST 


(FLAG) 
PHN 


LCNH 
(FLAG) 


LCNL 
LCNH 


LHN 
LCNL 


LSN 
LHN 


SCNT 
LSN 


SCNT 


Check 


1100X 


PHN 
EST 


(FLAG) 
PHN 


LCNH 
(FLAG) 


LCNL 
LCNH 


LHN 
LCNL 


LSN 
LHN 


SCNT 
LSN 


SCNT 


Scan 


1101X 


PHN 
EST 


(FLAG) 
PHN 


LCNH 
(FLAG) 


LCNL 
LCNH 


LHN 
LCNL 


LSN 
LHN 


SCNT 
LSN 


SCNT 


Verify data 


1110X 


PHN 
EST 


(FLAG) 
PHN 


LCNH 
(FLAG) 


LCNL 
LCNH 


LHN 
LCNL 


LSN 
LHN 


SCNT 
LSN 


SCNT 


Write data 


mix 


PHN 
EST 


(FLAG) 
PHN 


LCNH 
(FLAG) 


LCNL 
LCNH 


LHN 
LCNL 


LSN 
LHN 


SCNT 
LSN 


SCNT 


Sense interrupt 
status 


0001X 


1ST 
















Specify 


0010X 


MODE 


DTLH 


DTLL 


ETN 


ESN 


GPL2 


(MGPL1) 
[RWCH] 


[RWCL] 


Sense unit status 


0011X 


UST 

















Note: 

(): These are omitted for soft-sector disks. 

[ ]; These are omitted for hard-sector disks. 

*: 1ST available as a result byte only when in nonpolling mode. 

B; Indicates buffered mode when set. 

S: Indicates Skewed mode (SMD only) when set. 

X: Indicates don't care. 

Mnemonic Definitions 

EADH Error address, high byte 

EADL Error address, low byte 

EPT1 Error pattern, byte one 

EPT2 Error pattern, byte two 

EPT3 Error pattern, byte three 

PCNH Physical cylinder number, high byte 



Mnemonic Definitions (cont) 

PCNL Physical cylinder number, low byte 

PHN Physical head number 

PSN Physical sector number 

SCNT Sector count 

DPAT Data pattern 

GPL1 Gap length one 

GPL3 Gap length three 

EST Error status byte 

FLAG Flag byte 

LCNH Logical cylinder number, high byte 
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Mnemonic Definitions (cont) 


LCNL 


Logical cylinder number, low byte 


LHN 


Logical head number 


LSN 


Logical sector number 


1ST 


Interrupt status byte 


MODE 


Mode 


DTLH 


Data length, high byte 


DTLL 


Data length, low byte 


ETN 


Ending track number 


ESN 


Ending sector number 


GPL2 


Gap length two 


RWCL 


Write current cylinder, low byte 


RWCH 


Write current cylinder, high byte 


UST 


Unit status byte 



Table 3. Status Register Bits (cont) 



MGPL1 Modified gap length 1 

Status Register 

This register is a read only register and may be read by 
asserting RD and CS with Aq high. The status register 
may be read at any time. It is used to determine control- 
ler status and partial result status. See table 3. 



Table 3. 


Status Register Bits 






Pin 




No. 


Name 


Function 



D7 CB Set by a disk command issue. Cleared 

(Controller busy) when the command is completed. 

(This bit is also set by an external re- 
set signal or an RST command, but 
will be cleared at the completion of the 
reset function.) When this bit is set, a 
new disk command will not be ac- 
cepted. 



De, D5 



CEH, CEL 
(Command end) 



CEH = OandCEL=0 
A disk command is in process, or no 
disk command is issued after the last 
reset signal or the last CLCE auxiliary 
command. Both the CEH and CEL bits 
are cleared by a disk command, a 
CLCE auxiliary command, or a reset 
signal. 

CEH = 0andCEL=1 
Abnormal termination of a disk com- 
mand. Execution of a disk command 
was started, but was not successfully 
completed. 

CEH = 1andCEL=0 
Normal termination of a disk com- 
mand. The execution of a disk 
command was completed and prop- 
erly executed. 

CEH=1andCEL=1 
Invalid command issue. 



Pin 


No. 




Name 


Function 


D4 


SRQ 




When a seek end, an equipment 




(Sense 


interrupt 


check condition, or a ready signal 




status 




state change is detected, this bit is set 




request) 




requesting a sense interrupt status 
command be issued to take the de- 
tailed information. This bit is cleared 
by an issue of that command or by a 
reset signal. 


D3 


RRQ 




Set when controller has lost control of 




(Reset request) 


the format controller (missing address 








mark, for example). An auxiliary RST 








command or RESET signal will clear 








this bit. 


D2 


lER 




Set when a CRC error is detected in 




(ID error) 




the ID field. An auxiliary RST or an- 
other disk command will reset this bit. 


Dl 


NCI 




Set if the controller cannot find a sec- 




(Not coincident) 


tor on the cylinder which meets the 



Do 



DRQ 

(Data request) 



comparison condition during the exe- 
cution of a scan command. This bit is 
also set if data from the disk does not 
coincide with the data from the sys- 
tem during a verify ID or a verify data 
command. This bit is cleared by a disk 
command or a reset signal. 



During execution of write ID, verify ID, 
scan, verify data, or a write data com- 
mand, this bit is set to request that 
data be written into the data buffer 
During execution of read ID, read di- 
agnostic, or read data command, this 
bit is set to request that data be read 
from the data buffer. 
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Error Status Byte 

This byte is available to the host at the termination of a 
read, write, or data verification command and provides 
additional error information to the host CPU. If the sta- 
tus register indicates a normal command termination, it 
can be assumed that the command was executed with- 
out error and it is not necessary to read this byte. When 
it is necessary to determine the cause of an error this 
byte may be read by issuing an RD pulse with CS and Aq 
low. The remaining result bytes associated with a partic- 
ular command may be read by issuing additional RD 
pulses. Data transfer from or to the FIFO is asynchron- 
ous and may occur at rates up to 2.5 Mbytes per second. 
See table 4. 

Table 4. Error Status Bits 
"pin 



No. 


Name 


Function 


D? 


ENC 


Set when the controller tries to access 




(End of cylinder) 


a sector beyond the final sector of a 
cylinder. 

Cleared by a disk command or an aux- 
iliary RST command. 


De 


OVR 


When set, indicates that the FIFO be- 




(Overrun) 


came full during a read operation, or 
empty during a write operation. 


D5 


DER 


A CRC or an EGG error was detected in 




(Data error) 


the data field. 


D4 


EQC 


A fault signal from the drive has been 




(Equipment check) 


detected or a track signal has not 
been returned within a certain time in- 
terval after the recalibrate command 
was issued. 


D3 


IMR 

(Not ready) 


The drive is not in ready state. 


D2 


ND 


The sector specified by ID parameters 




(No data) 


was not found on the track. 


D1 


NWR 


Set if write protect signal is detected 




(Not writable) 


when the controller tries to write on 
the disk. It is cleared by a disk com- 
mand or by an auxiliary RST com- 
mand. 


Dn 


MAM 


This bit is set if during execution of 




(Missing address mark) 


read data, check, scan, or verify data 
commands, no address mark was 
found in the data field or if during exe- 
cution of a read ID or verify ID com- 
mand, no address mark was detected 
in the ID field. 



Interrupt Status Byte 

This byte is made available to the host CPU by exe- 
cuting the Sense Interrupt Status command. This com- 
mand should be issued only when the fiPD7261A/7261B 
requests it, as indicated by bit D4 of the status register. 
This byte reveals changes in disk drive status that have 
occurred. See table 5. 



Table 5. Interrupt Status Bits 


Pin 


No. 


Name 


Function 


D7 


SEN 
(Seek end) 


A seek end or seek complete signal 
has been returned after a seek or a re- 
calibrate command was issued. 


De 


RC 

(Ready change) 


The state of the ready signal from the 
drives has changed. The state itself is 
indicated by the NR bit. 


D5 


SER 
(Seek error) 


Seek error has been detected on seek 
end. 


D4 


EQC 

(Equipment check) 


Identical to bit 4 of the error status 
byte. 


D3 


NR 

(Not ready) 


Identical to bit 3 of the error status 
byte. 


D2-D0 


UA2-UA0 
(Unit address) 


The unit address of the drive which 
caused an interrupt request on any of 
the above conditions. 



Drive Interface 

The f/PD7261A/7261B has been designed to implement 
two of the more popular types of interfaces: the SMD 
(Storage Module Drive) and the floppy-like Winchester 
drive which has come to be known as the ST506 inter- 
face. The desired interface mode is selected by the 
Specify command. 

ST506-Type Interface 

In the ST506 mode the /iPD7261A/7261B performs MFM 
encoding and decoding at data rates to 6 MHz and pro- 
vides all necessary drive interface signals. Included in- 
ternally is circuitry for address mark detection, sync 
area recognition, serial-to-parallel-to-serial conversion, 
an 8-byte FIFO for data buffering, and circuitry for logi- 
cal addressing of the drives. External circuitry required 
consists of control signal buffering, a delay network for 
precompensation, a phase-lock loop, a write clock os- 
cillator and a differential transceiver for drive data. The 
floppy-like interface can be implemented with as few as 
7 IC's using NEC's hard-disk interface chip, the 
nPD9306A, or with 12 to 14 SSI ICs. See figure 1. 
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Figure 1. iaPD7261A/7261B ST506Type Interface 



Figure 2. nPD72S1A/72eiB SMD interface 




DSD 
READY 
INDEX 
WFLT 
TRKO 
SKC 

RWC 

DIR 
WGATE 
HSO 
HS1 
HS2 
STEP 

DSO 



+ READ DATA 
- READ DATA 



+ WRITE DATA 
- WRITE DATA 






-© DRIVE SELECTED 

-© READY 

-© INDEX 

-© FAULT 



-<J © TRACK 000 



74LS14 

— D>- 

— >- 
— >- 
— >- 

<; 74( 

— n>^ 



-SEEK COMPLETE 



-REDUCED WRITE 



-DIRECTION IN 



^ HEAD SELECT 
-HEAD SELECT 1 
-HEAD SELECT 2 
-STEP 






SMD Interface 

In the SMD mode the)L<PD7261A/7261B will support data 
rates to 10MH2/15MHz in the NRZ format. All control 
functions necessary for an SMD interface are imple- 
mented on-chip with de-multiplexing of 8 data lines per- 
formed externally by a single 8-bit latch. A small amount 
of logic is required to multiplex the data and clock lines, 
and differential drivers and receivers are required to im- 
plement the actual interface. Depending on individual 
logic design and the number of drives used, the SMD in- 
terface may be implemented with as few as 12 ICs. See 
figure 2. 

Note: 

CLK (pin 37) frequency must be a minimum of 1.1 x NRZ data rate. 

Internal Architecture 

The fiPD7261A/ 7261 B can be divided into three major in- 
ternal logic blocks: command processor; format con- 
troller; microprocessor interface. 

Command Processor 

The command processor is an 8-bit microprocessor 
with its own instruction set, program ROM, scratchpad 
RAM, ALU, and I/O interface. Its major functions are: 



SYNC 
R/WCLK 



BTO 

BT1 

INDEX 

SCT 

TGI 

fG2 

tG3 

SSTG 

USTG 

BT2 
BT3 
BT4 
BT5 
BT6 
BT7 
BT8 
BTO 



WRITE CLOCK 

— SERVO CLOCK 
READ CLOCK 

WRITE DATA 
READ DATA 

— BITO 

— BIT1 

— INDEX 

— SECTOR 
TAG1 
TAG 2 
TAG 3 

SR SELECT TAG 

— UNIT SELECT TAG 



— BIT 2 

— BITS 
BIT 4 

— BITS 

— BIT 6 
BIT 7 

— BITS 

— BITS 



— FAULT;(SR2)/(DT2) 
SEEKERRORf 
~(SR3)/(DT3) 
ON CYLINDER/ 
(SR4)f(DT4) 
UNIT READY/ 
(SR5);(DT5) 
— (SR6)/(DT6) 
-WRITE PROTECTED/ 

(SR7)/(DT7) 
-SEEK END 

-UNIT SELECTED 



UNITSELO 

UNITSEL1 

— UNITSEL2 




D To decode the commands from the host microcom- 
puter that are received through the 8-bit data bus 

D To execute seek and recalibrate commands 

D To interface to the drives and read the drive status 
lines 

D To load the format controller with the appropriate 
microcode, enabling it to execute the various read/ 
write data commands. 

The command processor microprocessor is idle until it 
receives the command from the host microcomputer. It 
then reads the parameter bytes from the FIFO, and 
loads them into its RAM. The command byte is decoded 
and, depending on its opcode, the appropriate subrou- 
tine from the 2.6K internal ROM is selected and exe- 
cuted. Some of these commands are executed by the 
command processor without involvement of the format 
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controller. When data transfers to and from the disk are 
made, the command processor loads the appropriate 
microcode into the format controller, then relinquishes 
control. When the data transfer Is complete, the com- 
mand processor again takes control. One other impor- 
tant function that the command processor performs is 
managing the Interface to the disk drives. The com- 
mand processor contains an I/O port structure similar 
to many single-chip microcomputers In that the ports 
may be configured as input or output pins. Depending 
on the mode of operation selected by the Specify com- 
mand, the command processor will use the bidirec- 
tional I/O lines for different functions. 

Command Register 

This register is a write only register. It is selected when 
the Aq input Is high and the OS input is low. There are 
two kinds of commands: disk commands and auxiliary 
commands. Each command format is shown In figure 3. 

An auxiliary command is accepted at any time and is 
immediately executed, while a disk command is ig- 
nored if the on-chip processor is busy processing an- 
other disk command. A valid disk command causes the 
processor to begin execution using the parameters pre- 
viously loaded Into the data buffer. Disk commands and 
the parameters needed are described in the Micro- 
processor Interface section. 

Command Codes 



Figure 3. Disk Command Byte 



CC4-CC0 














X 


(Auxiliary Command) 











1 


X 


Sense int. status (Note 1) 













X 


Specify (Note 1) 










1 


X 


Sense unit status 





1 








X 


Detect error (Note 1) 





1 





1 


[B] 


Recalibrate 





1 







[B] 


Seek 





1 




1 


[S] 


Format 













[S] 


Verify ID 










1 


[S] 


Read ID 












X 


Read diagnostic 









1 


X 


Read data 




1 








X 


Check 




1 





1 


X 


Scan 




1 







X 


Verify data 




1 




1 


X 


Write data 





CC4 


CC3 1 CC2 1 CC1 


ceo 


UA2 1 UA1 1 UAO 1 1 


1 1 1 1 1 




Command Code 




Unit Address (UA) 



Format Controller 

The format controller Is built with logic that enables it to 
execute instructions at very high speed: one instruction 
per single clock cycle. The major functions It performs 
are: 

D Serlal-to-parallel and parallel-to-serial data 

conversion 
D CRC and ECO generation and checking 
D MFIVIdatadecoding and encoding 
D Write precompensation 
n Address mark detection and generation 
D ID field search in soft-sector format 
D DI\/IA data transfer control during read/write 

operations. 

The major blocks in the format controller are the se- 
quencer and the serial /parallel data handler. The se- 
quencer consists of a writable control store (32 words 
by 16 bits), a program counter, branch logic, and the pa- 
rameter register. The serial /parallel logic consists of a 
parallel-to-serial converter for disk write operations, a 
serial-to-parallel converter for disk read operations, pre- 
compensation logic for writing MFM data, comparator 
logic that locates sync fields, address marks, and ID 
fields. There is also comparator logic that is used during 
Verify Data commands. See figure 4. 

Figure 4. Blocl( Diagram of f/ie Format Controiler 



Note: 

(1) The UA f leldls 000. 

[B] Indicates buffered mode when set. 

IS] Indicates skewed mode when set. 
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Microprocessor Interface 

Read/Write Control. The internal registers are selected 
as shown in truth table 6. 



Tables. 


Register Selection Table 


cs 


Ao 


RD 


WR 


Selection 











1 


Data buffer register (Note 1) 








1 





Data buffer register (Note 1) 





1 





1 


Status register 





1 


1 





Command register 





X 


1 


1 


Don't care 


1 


X 


X 


X 


Don't care 





X 








Inhibited 



Note: 

(1) Preset parameters and result status information are written and 
read from the result status register In the HDC through this data 
buffer register. 

Interrupt. The interrupt request line is activated or inac- 
tivated according to the following equation: 

INT = CEH + CEL + SRQ • SRQM 

This nneans that if either of the command end bits is set 
or if the sense interrupt status request bit is set (and the 
SRQM mask is not set), then an interrupt will be gener- 
ated. The command end bits, CEH and CEL, are set by 
command termination. 

The SRQ bit is set when an equipment check condition 
or a state change of the ready signal from the disk drives 
is detected. It is also set when a seek operation is com- 
pleted. Under these conditions the INT line is activated 
unless the SRQM mask is set. 

Both of the CEH and CEL bits are cleared by a disk com- 
mand, but both bits may be cleared before the next disk 
command by issuing a CLCE auxiliary command. 

The interrupt caused by the SRQ bit Indicates that a 
sense interrupt status command should be issued by 
the host microprocessor so that it can determine the ex- 
act cause of the interrupt. However, the fiPD7261A/ 
7261 B may be processing a disk command when the 
interrupt occurs. Since it is not possible to issue a disk 
command while the f^PD7261A/7261B is busy, an HSRQ 
auxiliary command can be issued to set the SRQM 
(sense interrupt request mask) and mask the interrupt. 
The SRQM is reset upon completion of the disk com- 
mand in progress. 

DMA Control. When true, the DREQ pin and the DRQ 
(data request) bit of the status register indicate a re- 
quest for data transfer between the disk controller and 
external memory. These are activated during execution 
of the following disk commands: 



HDC *- memory: Format, Verify ID, Scan, 
Verify Data, Write Data 

HDC-* memory: Read ID, Read Diagnostic, 
Read Data 

Data being read from a disk or external memory is tem- 
porarily stored in the data buffer (8 bytes maximum), 
and is transferred to external memory or a disk, respec- 
tively. 

Data transfers are terminated externally by a reset sig- 
nal or by a read or a write data operation coinciding with 
an active terminal count (TC) signal. They are also termi- 
nated internally when an abnormal condition is de- 
tected or all the data specified by the sector count 
parameter (SCNT) has been transferred. 

Data transfers are accomplished by RD or WR signals to 
the)iPD7261A/7261B when DREQ is active. During read 
operations, DREQ goes active when the FIFO contains 
three or more bytes. If the FIFO contains three bytes and 
an RD pulse is issued, DREQ goes low within tppQi. 
DREQ will stay active on the final sector until the final 
byte is extracted. In this case, DREQ goes low within 
tRRQ2- During write operations DREQ is asserted as 
soon as a Write Data command is accepted. DREQ re- 
mains high until the FIFO contains six bytes, at which 
time it goes low within tyvAl- DREQ corresponds to FIFO 
almost-full and FIFO almost-empty as implemented in 
the ^PD7261A/7261B. This has been done so that a fast 
DMA controller may actually overrun the FIFO by one or 
two bytes without harm. 

Commands 

Recalibrate 




The read/write heads of the specified drive are retracted 
to the cylinderO position. 1ST is available as a result byte 
only if polling mode is disabled. See Specify. 

Hard-Sector. An RTZ (Return to Zero) signal is asserted 
on the bit-6 line with the TAG-3 bit being set. Then the 
CEH bit of the status register is set indicating a normal 
termination of the command. 

After this command is given, the HDC checks the seek 
end, unit ready, and fault lines of the drive continually 
until an active signal is detected on these lines. Then 
the SRQ bit of the status register is set indicating that a 
sense interrupt status command should be performed. 
Each bit of the 1ST (interrupt status) byte is set accord- 
ing to the result, in anticipation of the sense interrupt 
status command. 
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Soft-Sector. There are four different ways to implement 
the Recaiibrate command when the ST506 interface 
mode has been specified. Both polling and nonpolling 
modes of operation are provided, with both normal or 
buffered Recalibrate commands available in either 
mode. 

Normal Mode with Polling. The CEH bit of EST is set to 1 

immediately after the Recalibrate command is issued (a 
Recalibrate command may now be issued to another 
drive). The HDC now begins generating step pulses at 
the specified rate. The PCN for the drive is cleared and 
the TRKO signal is checked while stepping pulses are 
sent to one or more drives. When TRKO is asserted, the 
SEN (seek end) bit of the 1ST (interrupt status) byte is set 
and the SRQ bit of the status register is set. This causes 
an interrupt and requests that a sense interrupt status 
command be issued. If 1023 pulses have been sent and 
TRKO is not asserted, then the SRQ bit is again set, but 
with the SER (seek error) and EQC (equipment check) 
bits of the 1ST byte set. The ready signal of each drive is 
checked before each step pulse is sent, and the Recali- 
brate command is terminated if the drive enters a not- 
ready state, whereby the NR bit of the 1ST byte is set to 1. 

Normal Mode with Polling Disabled. Operation is simi- 
lar to that in "Normal Mode with Polling", but the CEH 
and GEL bits of the status register are not set until 
either the SEN (seek end) or the SER (seek error) condi- 
tion occurs. The SRQ bit is not set when polling is dis- 
abled, and the 1ST byte is now available as a result byte 
when the Recalibrate command is terminated (see "Pre- 
set Parameters and Result Status Bytes"). It is not possi- 
ble to overlap Recalibrate operations in this mode. 

Buffered Mode with Polling. This mode operates in a 
manner similar to that described as "Normal Mode with 
Polling", but with the following differences: 

(1) 1023 step pulses are sent at a high rate of speed (ap- 
proximately 50 /iS between pulses) 

(2) After the required number of pulses are sent, the 
CEH bit is set, and then additional Recalibrate or Seek 
commands will be accepted for other drives 

(3) The SRQ bit is set when the drive asserts SKC, 
which causes the SEN bit of the 1ST byte to be set 

(4) If SEN is not set within the time it takes to send 1023 
"normal" pulses (i.e., when in normal stepping mode), 
then SER and EQC of the 1ST byte are set. 

Buffered Mpde with Polling Disabled. 1023 stepping 
pulses are immediately sent after the Recalibrate com- 
mand is issued. CEH and/or CEL is set when SEN or 
SER occurs. SEN is set when TRKO from the addressed 
drive is asserted. SER is set if TRKO is not asserted 
within the time required to send 1023 "normal" pulses. 
The Recalibrate command will be terminated abnor- 
mally if a not-ready condition occurs prior to SEN being 



set. The SRQ bit of the status register is not set. The 1ST 
byte (interrupt status) is available as a result byte when 
either CEH or CEL is set. 

Seek 



PCNH PCNL 



PCNH = Physical Cylinder Number, High Byte 
PCNL = Physical Cylinder Number, Low Byte 



The read/ write heads of the specified drive are moved to 
the cylinder specified by PCNH and PCNL. 1ST is availa- 
ble as a result byte only if polling mode is disabled. See 
Specify. 

Hard-Sector. The contents of PCNH and PCNL are as- 
serted on the BITO through BIT9 output lines of the SMD 
interface with the TAG1 control line being set. (The most 
significant six bits of PCNH are not used.) The CEH bit 
of the status register is then set, and the command is 
terminated normally. 

The HDC then checks the seek end, unit ready and fault 
lines of the drive continually until an active signal is de- 
tected on these lines. The SRQ bit of the status register 
is then set requesting that a Sense Interrupt Status 
command be performed. Each bit of the 1ST (interrupt 
status) byte is set appropriately in anticipation of the 
Sense Interrupt Status command. 

Soft-Sector (Normal Stepping, Polling Enabled). In this 
mode, the CEH bit of the status register is set to 1 as 
soon as the Seek command is issued. This allows a 
Seek or Recalibrate command to be issued to another 
drive. The HDC now sends stepping pulses at the speci- 
fied rate and monitors the ready signal. Should the drive 
enter a not-ready state, the SER bit of the 1ST byte is set 
and the SRQ bit of the status register Is set, causing an 
interrupt and requesting a Sense Interrupt Status com- 
mand. When the drive asserts the seek complete (SKC) 
signal, the SEN bit of the 1ST byte is set and the SRQ bit 
of the status register is set, again requesting service. 

Soft-Sector (Normal Stepping, Polling Disabled). Step- 
ping pulses to the drive begin as soon as the Seek com- 
mand is accepted. The ready signal is checked prior to 
each step pulse. If the drive enters a not-ready state the 
seek command is terminated abnormally (CEL = 1), and 
SER of the 1ST byte is set. If the seek operation is suc- 
cessful, the seek command will be terminated normally 
(CEH = 1) when the drive asserts SKC (seek complete). 
The SEN (seek end) bit of the 1ST byte is set and the 1ST 
(interrupt status) byte is available as a result byte. The 
Sense Interrupt Status command is not allowed (SRQ is 
not set), nor can seek operations be overlapped in this 
mode. 
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Soft-Sector (Buffered Stepping, Polling Enabled). As 

soon as the Seek command is accepted by the HDC, 
high-speed stepping pulses are generated. As soon as 
the required number of pulses are sent, CEH is set to 1, 
indicating a normal termination. Another Seek com- 
mand in the same mode may now be issued. The drive is 
now controlling its own head positioner and asserts 
SKC when the target cyclinder is reached.) If the drive 
has not asserted SKC (seek complete) within the time it 
takes to send the required number of pulses in normal 
stepping mode, or if the drive enters a not-ready state, 
then the SER bit of the 1ST byte and the SRQ bit of the 
status register are set. Otherwise, the SEN bit of the 1ST 
byte is set, along with SRQ of the status register. 

Soft-Sector (Buffered Stepping, Polling Disabled). In 

this mode, the appropriate number of high-speed step- 
ping pulses are sent as soon as the Seek command is 
issued. If the drive enters a not-ready state, or if SKC 
(seek complete) is not asserted within the time it takes 
to send the required number of pulses in normal step- 
ping mode, then the Seek command is terminated nor- 
mally (generating an interrupt). The iST byte is available 
as a result byte and the appropriate bit is set; i.e., SER 
and EQC or NR (not ready). If the seek operation is suc- 
cessful, the Seek command is terminated normally 
(CEH = 1) and the SEN bit of the IST byte is set. The IST 
byte is available as a result byte. The Sense Interrupt 
Status command is not allowed (SRQ is not set), nor can 
seek operations be overlapped in this mode. 

Format 



0111S 


PHN 


(PSN) 


SCNT 


DPAT 


GPL1 


(GPL3) 


EST 


SCNT 











PHN = Physical Head Number 

PSN = Physical Sector Number 

SCNT = Sector Count 

DPAT = Data Pattern 

QPL1 = Gap Length 1 

GPL3 = Gap Length 3 

EST = Error Status 



This command is used to write the desired ID and data 
format on the disk. 

(1) When using hard-sector drives, this command will 
begin format-writing at the sector specified by PHN and 
PSN, which are loaded during command phase. 

When soft-sector drives are specified, this command 
will begin format-writing at the sector immediately fol- 
lowing the index pulse on the track specified by PHN. 

In either case, data transmitted from the local memory 
by DMA operation is written into the ID field, and the 
data field is filled with the data constant specified by 
DPAT until DTL (data length) is zero. DTL is established 
during the specify command with DTLH and DTTL. The 
sector count, SCNT, is decremented by one at the end of 
the Format operation on each sector The following 



bytes are required by the HDC for each sector: (FLAG), 
LCNH, LCNL, LHN, and LSN. FLAG is omitted on soft- 
sector drives. These bytes are transferred by DMA. 

The format operation produces the various gaps with 
length as specified by GPL1, GPL2 (See Specify), and 
GPL3 (For soft-sector only.) 

Note: 

GPL3 may not exceed decimal value of 44. 

(2) The above operation is repeated until SCNT is equal 
to zero. The execution of the command is terminated 
normally, when the content of SCNT is equal to zero and 
the second index pulse has occurred. 

(3) When using a hard-sector drive, it is possible to write 
the ID field displaced from the normal position by 64 
bytes by setting the skew bit of the command byte 
((S) = 1). This is useful when defective media prevent 
writing in the normal area of the sector 

(4) Items 4, 5, and 8 of the Read Data and item 4 of the 
Write Data command are identical for this command. 
Refer to these items (which appear later in this section) 
for remaining format operation details. 

Verify ID 



PHN (PSN) SCNT 




PHN = Physical Head Number 

PSN = Physical Sector Number 

SCNT = Sector Count 

EST = Error Status 

ID bytes of specified sectors are read and compared 
with the data that are accessed from local memory via 
DMA control. The first sector that is verified is specified 
by PHN and PSN when a hard-sector disk is used. For 
soft-sector disks, only PHN is given and the Verify ID 
command begins comparisons with the first physical 
sector on the track. 

Byte comparisons continue as long as successful or 
until the sector count is zero or a CRC error Is found. 

When using a hard-sector drive, it is possible to have the 
HDC verify a skewed ID field by setting the skew bit of 
the command byte. Refer to the Format section, given 
earlier, for details. 

Read ID 



PSN SCNT 



PHN = Physical Head Number 

PSN = Physical Sector Number 

SCNT = Sector Count 

EST = Error Status 
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ID bytes of specified sectors are read and transferred to 
local memory by DI\/IA. 

Hard-sector disks: Beginning with the sector specified 
by PHN and PSN, the ID bytes of each sector are read 
until an error is found or the SCNT has reached zero. 

It is also possible to perform the above operation with 
skewed ID fields by setting the skew bit of the command 
byte. This will allow reading ID fields that have been 
shifted by 64 bytes by the Skewed Format command. 

Soft-sector disks: This command will begin checking ID 
fields immediately following the index pulse and will 
continue until one valid ID field is read, or until the sec- 
ond index pulse is detected or SCNT = 0, whichever 
occurs first. 

Read Diagnostic 



PHN = Physical Head Number 
PSN s: Physical Sector Number 
EST s Error Status 



This command is implemented only for hard-sector 
disks. The desired physical sector is specified, and the 
data field will be read even if the ID bytes of that sector 
contain a CRC error. Only one sector at a time may be 
read by this command. 

Read Data 



lOtlX 


PHN 


(FLAG) LCNH LCNL 


LHN 


LSN 


SCNT 




EST 


PHN (FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, Hard-Sector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL = LoglcalCyllnder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 

This command is used to read and transfer data via 
DIVIA from the disk to the local memory. 

(1) The HDC reads data from the specified sector which 
is determined by the following preset parameters: FLAG 
(for hard-sector only), LCNH, LCNL, LHN, and LSN. The 
drive is selected by UA (unit address) in the command 
byte. The HDC then transfers the read data to the local 
memory via DMA operation. 

(2) After reading each sector, the HDC updates the 
SCNT and LSN to point to the next sector, and repeats 
the above described operation until SCNT is equal to 
zero. During the above read operations, if LSN is equal 
to ESN, the HDC updates LSN, and continues the read 
operations after relocating the head (track) specified by 
LHN. 
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(3) The HDC abnormally terminates the execution of this 
command if SCNT is not equal to zero when the HDC 
reads out the data from the last sector (LSN = ESN and 
LHN = ETN). The ENC (end of cylinder) bit of EST (error 
status) is set to one in this situation. 

(4) The HDC will terminate this command if a fault signal 
is detected while reading data. The HDC will set the 
EQC (equipment check) of the EST (error status) byte 
when this occurs. 

(5) The HDC will terminate this command abnormally if 
the ready signal from the drive is not active or becomes 
not active while a Read Data command is being per- 
formed. The NR (not ready) bit of the EST (error status) 
register will be set to one in this case. 

(6) The HDC will end this command abnormally if it can- 
not find an AM (address mark) (soft-sector mode) or a 
SYNC byte (hard-sector mode) of the ID field before four 
index pulses occur. Under these conditions, the RRQ 
(reset request) bit of the STR (status register) will be set. 
In order to perform further disk commands the HDC will 
have to be reset because the format controller is hung 
up looking for an AM or SYNC byte. 

(7) ECC mode: If the HDC detects an ECC error during a 
read operation, it will execute the following operations: 
First, the HDC decides whether or not the error is cor- 
rectable by checking the syndrome of the error pattern. 
If the error is correctable, the HDC terminates the com- 
mand in the normal mode after setting the DER (data 
error) bit of EST register to one. The host system can in- 
put the error address and the error pattern information 
by issuing the Detect Error command. If it is not a cor- 
rectable error, the HDC will terminate the command in 
the abnormal mode after setting the DER bit of the EST 
register to one. 

CRC mode: If the HDC detects a CRC error on a sector 
during the read operation, the HDC will terminate the 
command in the abnormal mode after setting the DER 
bit of the EST register to one. 

(8) If the HDC detects an overrun condition during a 
Read Data operation, the OVR (overrun) bit of the EST 
register is set. (An overrun condition occurs when the in- 
ternal data FIFO is full, another data byte has been re- 
ceived from the disk drive, and a DMA service does not 
occur.) The command is then terminated in the abnor- 
mal mode. 

(9) If the HDC cannot find the desired sector within the 
occurrence of three index pulses, the ND (no data) bit of 
the EST register is set to one and the command is termi- 
nated in the abnormal mode. 

(10) If TO (terminal count) occurs during a Read Data 
command the DMA transfers to the local memory will 
stop. However, the HDC does continue the read opera- 
tion until the end of the sector, if SCNT = 1. 
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If SCNT is 2 or more, DMA transfers restart when SCNT 
is updated to tiie next sector, and will continue until 
SCNT is zero. 

(11) If the Read Data command has been successfully 
completed, the result status will be set indicating such, 
and the result status bytes will be updated according to 
the number of sectors that have been read. The logical 
disk parameters — LSN, LHN, and LCN — are incre- 
mented as follows: 

LSN is incremented at the end of each sector until the 
value of ESN is reached. LSN is then set to and LHN is 
incremented. If LHN reaches the value of ETN, then 
LHN is cleared and LCN is incremented. 

In other words, if a Read or Write operation is termi- 
nated normally, the various parameters will point to the 
next logical sector. 

If the command is terminated in the abnormal mode, the 
result status bytes will indicate on which sector, cylin- 
der, and head the error occurred. 

(12) If the HDC cannot detect the address mark (soft- 
sector) or SYNC bytes (hard-sector) immediately follow- 
ing the VFO sync in the data field, the HDC will set the 
MAM (missing address mark) bit of the EST register to 
one, and will terminate the command in the abnormal 
mode. 

Check 



Scan 



1100X 


PHN 


(FLAG) LCNH LCNL 


LHN 


LSN 


SCNT 




EST 


PHN (FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, Hard-Sector ID Field Only 

LCNH = Logical Cylinder Numtier, High Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 



This command is used to confirm that the data previ- 
ously written to the medium by the Write Data com- 
mand contains the correct CRC or ECC. 

(1) The HDC reads the data in the sector specified by 
FLAG (hard-sector only), LCNH, LCNL, LHN, and LSN. 
the Check command differs from the Read Data com- 
mand in that no DMA transfers occur. 

With the exception of the ECC mode, the Check com- 
mand is the same as the Read Data command. Please 
refer to items 2, 3, 4, 5, 6, 7, 8, 11, and 12 of Read Data 
command for details. 

(2) If in the ECC mode, the HDC detects only ECC errors 
and does not execute any error correction operation 
even if the ECC errors are correctable. No data transfers 
have been made, and there is no data to correct. 



1101X 


PHN 


(FLAG) LCNH LCNL 


LHN 


LSN 


SCNT 




EST 


PHN (FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, Hard-Sector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 



(1) In executing the Scan command, the HDC reads the 
data from the sector specified by the preset parameters 
of the command phase. The HDC then compares this 
data with the data transmitted from the local memory. 
(The purpose of this command is to locate a sector that 
contains the same data as the local memory.) 

This command will terminate successfully if the data 
from the disk and the data from the local memory are 
the same. If they are not, the HDC updates SCNT and 
LSN, and executes the abovementioned operation 
again. 

If the HDC cannot locate a sector that satisfies the scan 
conditions, the NCI bit of the STR will be set. The HDC 
tries to compare data until the end of the cylinder has 
been reached, or until SCNT is zero. 

(2) If the value of the LSN (logical sector number) is 
equal to that of ESN (ending sector number) after updat- 
ing LSN, the HDC updates the contents of LHN (increas- 
ing by 1) and that of LSN (LSN =0), and repeats the 
operation described in item 1 after selecting the next 
head. 

(3) After comparing the data transferred from the host 
CPU with the data in the specified sectors, the result 
bytes (FLAG, which is only for hard-sector disks, LCNH, 
LCNL, LHN, and LSN) will be set equal to the sector lo- 
cation that satisfies the Scan command. 

(4) The descriptions in 4, 5, 6, 8, and 9 of Read Data com- 
mand, and items 3 and 4 of Verify Data command are 
identical for this command. Refer to these descriptions 
for additional details. 




Verify Data 



1110X 


PHN 


(FLAG) LCNH LCNL 


LHN 


LSN 


SCNT 




EST 


PHN (FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 



PHN = Physical Head Number 

FLAG » Flag Byte, Harel-Sector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 



This command is used to verify data on the disk. 



6-107 



A/PD7261A/B 



HEC 



(1) The HDC reads the data from the specified sector, 
and compares the data transmitted from the local mem- 
ory via DMA with the data from the disk. 

The sector is specified by FLAG (hard-sector only), 
LCNH, LCNL, LHN, and LSN, and the drive is selected 
by UA. If the data transmitted from the local memory is 
the same as that read from the sector, the HDC updates 
the contents of LSN and SCNT, and continues the 
abovementioned operation. After updating SCNT, if the 
value of SCNT is equal to zero, the HDC ends the execu- 
tion of the command in the normal mode. If the value of 
LSN is equal to that of ESN after updating LSN, the HDC 
updates the contents of LHN and LSN, and the HDC 
continues the verify data operation after selecting the 
head (track) specified by LHN. 

If the data transmitted from the local memory is not the 
same as that read from the sector, the HDC ends the ex- 
ecution of the command in the abnormal mode after 
setting the NCI (not coincident) bit of STR to one. 

(2) If, after verifying the data on the last sector, the con- 
tents of SCNT are not equal to zero, the HDC terminates 
execution of the command abnormally after setting the 
ENC (end of cylinder) bit of the EST register to one. 

(3) After verifying the data read from a sector, the HDC 
checks the CRC bytes (CRC mode) or the ECC bytes 
(ECC mode). 

If the HOC detects a CRC or an ECC error on a sector, 
the HDC terminates execution of the command abnor- 
mally after setting the DER bit of the EST register to a 
one. 

(4) After detecting an active TC signal (fC = 0), the HDC 
executes the above operation by comparing the read 
data from the disk drive with the data 00 instead of the 
data from the main system until the end of the sector. 

In the case of SCNT greater than one, when SCNT is up- 
dated, DMA transfers restart and disk data is compared 
against host data until SCNT is zero. 

(5) After verification of the data on all the sectors, FLAG 
(hard-sector only), LCNH, LCNL, LHN, and LSN are set 
to the values of FLAG, LCNH, LCNL, LHN, and LSN of 
the last verified sector. 

(6) The descriptions in items 4, 5, 6, 8, 9, and 12 of the 
Read Data command are valid in this command. Please 
refer to these items for additional detail. 



Write Data 



11tlX 


PHN 


(FLAG) LCNH LCNL 


LHN 


LSN 


SCNT 




EST 


PHN (FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, HaidSector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 

(1 ) This command is used to write data into the data field 
of the sectors specifed by FLAG (hard disks only), 
LCNH, LCNL, LHN, and LSN, and to write CRC bytes or 
ECC bytes according to each internally specified mode 
(CRC or ECC). The data is written to the disk via DMA 
transfer from the local memory. 

(2) After writing data on a sector, the HDC updates the 
contents of SCNT and LSN, and repeats the above de- 
scribed Write Data operation until SCNT is equal to 
zero. 

During the above Write Data operations, if LSN is equal 
to ESN, the HDC updates LHN and LSN, and continues 
the Write Data operations after selecting the new head 
(track) specified by LHN. 

As described above, the HDC has the capability of 
multi-sector and multi-track write operations. 

(3) The HDC abnormally terminates the execution of this 
command if the SCNT is not equal to zero when the 
HDC writes the data to the last sector (LSN = ESN and 
LHN = ETN). The ENC (end of cylinder) bit of EST (error 
status) register is set to one in this situation. 

(4) If the write protected signal is active (high) at the be- 
ginning of the execution of this command, the HDC 
ends the execution of this command in the abnormal 
mode after setting the NWR (not writable) bit of the EST 
register to one. 

(5) After detecting an activeTC signal ffC = 0), the HDC 
writes the data 00 to the sector, instead of the data from 
the host system. 

In the case of SCNT of two or more, when SCNT is up- 
dated, the DMA transfers will restart and writing of host 
data will continue until SCNT = 0. 

(6) In the ST506-type mode, the HDC will set the reduced 
write current output bit to a one when the cylinder num- 
ber becomes greater than that specified by RWCH and 
RWCL. These parameters are loaded during execution 
of the Specify command. 

The descriptions in items 4, 5, 6, 8, 9, and 11 of the Read 
Data command are applicable here also. Refer to these 
items for further detail. 
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Sense Interrupt Status 



1ST = Interrupt Status 

(1) The HDC transfers the new disk status to the host 
CPU at the end of a Seek or Recalibrate operation or the 
new disk status resulting from a change of state of the 
ready signal, which may occur at any time. 

(2) If the Seek or Recalibrate command in progress is 
completed when this command is issued or if there has 
been no change of state of the ready signal from the 
drive, this command will be terminated abnormally. 

Specify 



MODE DTLH DTLL ETN 



QPI-Z [RWCH? IRWCLl 



MODE = Mode Byte; Selects Operation Mode 

DTLH = Data Length, High Byte 

DTLL = Data Length, Low Byte 

ETN = Ending Track Number 

ESN = Ending Sector Numlwr 

GPL2 = Gap Length 2 

MQPL1 = Gap Length 1 (used in SMD mode only); Controls Read Gate Timing 

RWCH = ReducedWrite Current (Cylinder No.), High Byte 

RWCL = Reduced Write Cunent (Cylinder No.), Low Byte 



The Specify command is used to set the operational 
mode of the HDC by presetting various parameters. 
Parameters such as IVIODE (figure 5, table 7), DTLH (fig- 
ure 6), DTLL, ETN, ESN, GPL2, MGPL1/RWCH, and 
RWCL may be programmed into the HDC. This allows 
for a high degree of versatility. Data record length Is 
programmable from 128 to 4095 bytes in soft-sector 
mode and 256 to 4095 bytes in hard-sector mode. 



Figure 5. 


Mode Byte 

























ECC 


CRCS 


SSEC 


DSL/ 
STP3 


DSE/ 
STP2 


SOM/ 
STP1 


SOP/ 
STPO 











Figure 6. 


DTLH Byte 






















1 


CRC- 


PAD 


POL 


DTL11 


DTL10 


DTL9 


DTL8 






CRC- = Initial Value of Polynomial Counter, Either Ail Zeros or All Ones 
PAD = Selects ID/Data pad of OOH If 

= Selects ID/Data pad of 4EH If 1 
POL = Polling Mode If 

= NonpoilingModeifl 





Table 7. Mode Byte Bits 



Bit Name 



Specified IWode 



1 ECC is appended in data field: (x^i+l) (xi''+x2+1) 



ECC 



CRC is appended in data field 



CRCS 



SSEC 



1 Generator polynomial: (xi6+i) 



Generator polynomial: (xi6+xi2+x5+i) 

1 Soft-sector disk (floppy-like interface), MFM data 
Hard-sector disk (SMD interface), NRZ data 



SSEC = 



SSEC = 1 



DSL 



Data strobe late 



STP3 



(Note 1) 



DSE Data strobe early 



STP2 



(Notel) 



SOM 



Servo offset minus 



STP1 



(Notel) 



SOP Servo offset plus : 



STPO 



(Notel) 



Note: 

(1) stepping rate for ST506 mode = (16-STP) X 2110 xtcY 

Assuming a 10 MHz processor clock: Fh = 2.11 ms...OH = 33.76 ms 



Sense Unit Status 



Soft-Sector Mode 



0011X 




UST 


SMDIVIode 


0011X 


1 


2 


5 


UST 


°S 


DT 




The Sense Unit Status (SUS) command is used to trans- 
fer the Unit Status (UST) to the host. In the case of SMD 
mode the SUS command may also be used to transfer 
the Detail Status (DS) and Device Type (DT) by using the 
appropriate preset parameter value as shown above. No 
preset parameters are used in the soft-sector mode, al- 
though one is required in the SMD mode. Values other 
than 1, 2, or 5 do not produce valid results. 

After result bytes are placed in FIFO, HDC generates a 
FAULT CLEAR when in SMD mode. 

The DS and DT bytes are defined by the type of drives 
used. The UST is shown in table 8. 



Table 8. 


Unit Status Byte 








interface Type 


Bit 


No. SMD 


ST506 


D? 


Unit selected 





De 


Seek end 





Ds 


Write protected 





D4 





Drive selected 


D3 


Unit ready 


Seek complete 


D2 


On cylinder 


Track 000 


Dl 


Seek error 


Ready 


Do 


Fault 


Write fault 
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Detect Error 



OlOOX 




EADH 


EADL 


EPT1 


EF»T2 


EPT3 



EADH 
EADL 
EPT1 
EPT2 
EPT3 



EiTor Address, High Byte 
EiTor Address, Low Byte 
Error Pattern, Byte 1 
Error Pattern, Byte 2 
Error Pattern, Byte 3 



This command is used to transfer tlie error pattern and 
tlie error address to tlie host CPU, when correctable er- 
rors have occurred during the execution of a Read Data 
command with the ECC mode enabled. 

The error address (EADH and EADL) is calculated from 
the last data byte of the sector that contained a correct- 
able error which was indicated by the status bit of the 
previous Read Data command with the ECC mode en- 
abled, the error pattern is used for correfcting the error 
data at the location where the error occurred. After re- 
ceiving the error address and the error pattern, the host 
CPU can correct the error data by performing an 
exclusive-OR of the error pattern and the error data. See 
figure 7. 

The result bytes are available to the host CPU within 
lOO^is. 

Figure 7. Error Correction 
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The Corrected 
Data Bytes 



Note: EDn equals error byte. 



Auxiliary Command 



Figure 8. Auxiliary Command 
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CLB 


RST 






Clear Command End Bit ' 


L_ 


Chip Reset 
Clear Data 
Buffer 










Halt Sense Interrupt Status Request 



Table 9. Auxiliary Command Bits 



Bit Name 



Operation 



CLCE Clears the CE bits of the status register, inactivating the 

interrupt request output caused by Command End condi- 
tion. This is used when no disl< commands are going to be 
issued and it is desired to clear the interrupt. 

HSRQ Deactivates the interrupt request output caused by Sense 

Interrupt Status Request condition until a Command End 
occurs. However, this command has no effect on the SRQ 
bit of the status register. 



CLB 



Clears the data buffer. 



RST This has the same effect as a reset signal on the Reset in- 

put. This function is used whenever the RRQ bit in the sta- 
tus register is set (indicating the format controller is hung 
up), or when a software reset is needed. 



System Example 

Figure 9 shows an example of a local bus system. 



Figure 9. Loca/ Bus System 



Local Memory 



IMEMR- 
MEMW- 
iOR 

low 



f-^-X- 



ABL- 
ABH- 
R/W- 



Local 
Bus _ 
Req. 



Fn 'O 



^^ 



-^Q-^cs 



AEN 
CS 

HRQ 
HLOA 



og |||S || ADSTBDDACK 

* la a ~ DRQ 



DMAC 
(8237) 



D0-D7 
DMA_ 
REQTC 



There are no preset parameters or result bytes associ- 
ated with this command. The definitions of the 4 LSBs 
(AAAA) are given in figure 8 and table 9. The auxiliary 
command is accepted at any time and is immediately 
executed. The auxiliary command may be used to re- 
cover from certain types of error conditions, or to mask 
and clear interrupts. 
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'H'ack Format 

Figure 10 shows track format for hard- and soft-sectored 
disks. 



System Example Timing Diagrams 

Figures 11 through 22 show the interface timing (soft- 
sector and hard-sector) required to interface the hard 
disk drive. 



Figure 10. Track Format 
















Index/ 
Sector 


Hard Sector 


Index 


Soft Sector 


• 


Index/ 
Sector 


HEAD 
SCATTER 

OOH (GPU) 




These GPL2 bytes of zeros are required by 
the drive to ailow the drive's read data PLC to 
become phase- and frequency-synchronized 
with the data bits recorded on the media. 






GAP1 

4EH (GPL1) 


PLOSYNC 

aOH(GPL2) 




PLOSYNC 

OOH (GPL2) 






AM 19H(1) 










AM A1H (1) 


FLAG (1) 


ID fiold 


LCNH (1) 


LCN (2) 


LCNL (1) 


LHN (1) 




LHN (1) 


LSN (1) 


LSN (1) 


CRC (2) 




These bytes are written by the controlier and 
are required by the drive to ensure proper 
recording and recovery of the iast bits of the 
data fieid checit codes. 

This byte indicates to the controller the 
beginning of the ID field or the data field and 
it establishes byte synchronization. 




CRC (2) 


ID PAD 

OOH (2) 








ID PAD 

4EH/0OH(3) 






PLOSYNC 

OOH (GPL2) 


PLOSYNC 

00H(GPL2) 


AM 19H(1) 


AMA1H (1) 






DATA 

(DTL) 


AMFOH (1) 


1 


DATA , 
(DTL) 


ECC/CRC 

(4/2) 




These bytes are written by the controller and 
are required by the drive to ensure proper 
recording and recovery of the last bits of the 
ID field check codes. 




ECC/CRC 

(4/2) 


DATA PAD 

OOH (2) 


DATA PAD 

4EH/00HO) 






END OF 
RECORD 

OOH 


INTER 
RECORD GAP 

4EH(GPL3) 








Index 


GAP4 

4EH 
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Figure Tl. "Unit Seiection" and "State Sense" Timing (Hard Sector) 
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Figure 12. Return to Zero Timing (Hard Sector) 
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Figure 13. "Seek" Timing (Hard Sector) 
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Figure 14. "Head Select" Timing (Hard Sector) 
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Figure 15. "Unit Status Sense' Timing (Hard Sector) 
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Figure 16. "Data Read" Timing (Hard Sector) 
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Figure 17. "Data Write" Timing (Hard Sector) 



Tagi 
Tigl 



Sr Sel. Tag 



Tag 3 
Bus Direction f-- 



USTag 

Unit Seiected 
Seel( End 



Sync 



RD/Ref Cllc LTUULl (Servo Clocli) 



BTO (Write Gate) 



BT1 (Read Gate) 



y 



-\v 



Index/Sector / \_ 



J V 



ECC/CRC 



PLO 
Sync 



PLO 
Sync 



■^V- 



(Gap 1) (Gap 2) (1) (1) (2) (1) (1) (2) (2) 



(Gap 2) 



(DTL) 



(4/2) (2) 



6-117 



ArPD7261A/B 



SEC 



Figure 18. 


"Drive Select" 


and "Unit Status Sense" 


Timing (Soft Sector) 
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Figure 19. "Normal Seek" Timing (Soft Sector) 
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Figure 20. "Buffered Seek" Timing (Soft Sector) 
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Figure 21. "Data Read" Timing (Soft Sector) 
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Figure 22. "Data Write" Timing (Soft Sector) 
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Description 

The /iPD9306 and mPD9306A hard-disk interface (HDI) 
chips are unique CMOS single-chip support devices in- 
tended for use with the fiPD7261A hard-disk controller. 
The /iPD9306/A includes a high-performance, digital 
phase-locked loop (DPLL), write precompensation 
logic, and /iPD7261A CLK and R/W CLK generation. The 
/iPD9306/ A requires only two inexpensive passive delay 
lines and a crystal for the self-contained oscillator. It 
provides a simple but effective solution to thedesign of 
support circuitry for typical hard-disk controllers utiliz- 
ing the ST-506 type interface. Due to its fast acquisition 
time, the jLiPD9306/A can actually provide increased 
storage by allowing for a size reduction in the sync field 
areas. The HDI also significantly reduces board area re- 
quirements and overall design time. The schematic 
examples included in this data sheet can be used to re- 
duce the ST-506 interface design time to a few hours. 

Features 

n Unique digital phase-locked loop (no adjustments) 

D Precompensation logic 

D 5-MHz MFIVI data rate 

D Internal crystal oscillator 

D CMOS technology 

D Single -1-5 V power supply 

Ordering information 



Pin identification 



Part 
Number 



Package Type 



/iPD9306C//iPD9306AC 



28-pin plastic DIP 



Pin Configuration 







\J 








DLCLK C 


1 


28 


3 Vdd 


DC1 C 


2 




27 


3 DLDATA 




DC2 C 


3 




26 


D RDATA 




DCS C 


4 




25 


1 WDATA 




DC4C 


5 




24 


3 DD5 




DCS C 


6 


< 


23 


3 DD4 




DC6 C 


7 


8 


22 


3 DD3 




DC7 C 


8 


S 


21 


3 DD2 




DC8 C 


9 


3. 


20 


3 DD1 




DC9 C 


10 




19 


3 PCL 




RGATE C 


11 




18 


3 PCE 




X1 C 


12 




17 


3 PCEN 




X2C 


13 




16 


3 R/W DATA 




GNO C 


14 




15 


3 R/W CLK 


83-003570A 













No. 


Symbol 


Function 


1 


DLCLK 


Delay line clock output 


2-10 


DC1-DC9 


Delay clock inputs 


11 


RGATE 


. Read gate input 


12 


XI 


Crystal clock input 


13 


X2 


Crystal clock output 


14 


GND 


Ground 


15 


R/W CLK 


Read/write clock output 


16 


R/W DATA 


Read /write data input /output 


17 


PCEN 


Precompensation enable input 


18 


PCE 


Precompensation early input 


19 


PCL 


Precompensation late input 


20-24 


DD1-DD5 


Delayed data inputs 


25 


WDATA 


Write data output 


26 


RDATA 


Read data input 


27 


DLDATA 


Delay line data output 


28 


Vdd 


+5 V power supply 



Pin Functions 

DC1-DC9 (Delayed Clock) 

These nine inputs receive clock signals delayed relative 
to DLCLK. The delays for pins DC1-DC9 are 10 ns to 
90 ns in 10 ns increments. 

DD1-DD5 (Delayed Data) 

These five inputs receive the input data signals, delayed 
relative to DLDATA. The delays for pins DD1-DD5 are 40, 
60, 80, 90, and 100 ns respectively. As an option, DD1 and 
DD2 may be connected to the 30-ns and 70-ns taps, re- 
spectively, of delay line 1. Comparative performance 
data is shown in table 1. 

DLDATA (Delay Line Data) 

This output supplies the external delay line with proc- 
essed read data from the disk or processed write data 
from the host. 

DLCLK (Delay Line Clock) 

This pin is used for the output clock of the on-chip oscil- 
lator and to supply clocks for both the delay line and the 
HPD7261A. 
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RGATE (Read Gate) 

When this input is active, the digitai phase-locked loop 
(DPLL) circuit generates a read/write clock that is syn- 
chronized to the phase of the read data from the disk. 

R/W CLK (Read /Write Clock) 

When RGATE is active, the DPLL selects one clock 
input from DLCLK or DC1-DC9. The clock input is syn- 
chronized with the read data at the R/W DATA pin and 
output via R/W CLK. When RGATE is inactive, the DPLL 
outputs the previously selected clock. 

R/W DATA (Read /Write Data) 

This pin outputs read data that has been synchronized 
with R/W CLK when RGATE is high. This pin Inputs 
write data when RGATE is low. 

RDATA (Read Data) 

Input for read data from the hard-disk drive. 

WDATA (Write Data) 

Output for write data to the hard-disk drive. Precompen- 
sation is according to PCE, PCL, and PCEN states. 

PC EN (Precompensation Enable) 

Write precompensation is performed when this input 
signal is active. 

PCE (Precompensation Early) 

When PCE and PCEN are active, write data is advanced 
in phase from its nominal position and output on the 
WDATA pin. External delay lines determine the amount 
of time advance. 

PCL (Precompensation Late) 

When PCL and PCEN are active, write data is delayed in 
phase from its nominal position and output on the 
WDATA pin. External delay lines determine the amount 
of time delay. 

X1,X2 (Crystal) 

These two pins connect the crystal to the on-chip oscil- 
lator and clock generator. 

Vdd (Power Supply) 

-1-5 V power supply input. 

GND (Ground) 

Ground. 



Absolute Maximum Ratings 

Ta = 25°C 




Power supply voltage, Vqq 


-0.5 to +7.0 V (Note 1) 


Input voltage, V| 


-0.5 to +7.0 V (Note 1) 


Output current, Iq 


10 mA 


Operating temperature, Tqpt 


0°C to +70°C 


Storage temperature, Tsjg 


-65°Cto+150°C 



Note: 

(1) With respect to ground. 

Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

TA = 0°Cto +70°C, Vdd= +5.0V±10% unless otherwise specified 





Symbol 


1 


Limit) 


i 


Unit 


Test 


Parameter 


Min 


TVP 


Max 


Conditions 


Input voltage 


V|H 


2.0 




Vdd+0.5 


V 


9306 only 


high 


V|H1 


2.0 




Vdd+0.5 


V 


(Note 3) 




V|H2 


0.7VDD 




Vdd+0.5 


V 


(Note 4) 


Input voltage 


V|L 


-0.5 




+0,8 


V 


9306 only 


low 


V|L1 


-0.5 




+0.8 


V 


(Note 3) 




V|L2 







0.3VDD 


V 


(Note 4) 


Output voltage 
high 


VOHI 


Vdd-0.4 






V 


i0H= -1.0mA 
(Note 1) 




V0H2 


Vdd-0.4 






V 


i0H= -2.0mA 
(Note 2) 


Output voltage 
low 


V0L1 






+0.4 


V 


l0L = 3.2mA 
(Note 1) 




V0L2 






+0.4 


V 


i0L=6.4mA 
(Note 2) 


Input leal<age 
current 


lu 






±10 


hA 


OV<V|<VoD 


Output leakage 
current 


lOL 






±10 


mA 


OV<Vo<Vdd 


Supply current 


Idd 




10 


30 


mA 





Note: 

(1) All pins except DLCLK, DLDATA and R/W CLK. 

(2) DLCLK, DLDATA, and R/W CLK pins only. 

(3) 9306A only: all inputs except X1. 

(4) 9306A only: XI input. 
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Capacitance 

TA = 25°C,fc = 1MHz 





Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


TVp 


Max 


Conditions 


Input 
capacitance 


C| 






10 


PF 


(Note 1) 


Output 
capacitance 


Co 






15 


PF 


(Notel) 


I/O capacitance C|o 






15 


pF 


(Notel) 



Note: 

(1) All unmeasured pins returned to ground. 

AC Characteristics 

TA = 0°Cto +70°C,Vdd= + 5.0V ±10% (Notel) 





Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


TVp 


Max 


Conditions 


DLCLK, DLDATA 
rise time 


tOLR 






20 


ns 


(Note 2) 


DLCLK, DLDATA 
fall time 


tOLF 






20 


ns 


(Note 2) 


DLCLK cycle 
time 


^CYDLK 




100 




ns 




DLCLK high 
level width 


tWDLKH 


40 


50 


60 


ns 




DLCLK low 
level width 


%DLKL 


40 


50 


60 


ns 




DLDATA high 
level width 


*WDLH 


55 


70 


100 


ns 




DC1-DC9, 
DD1-DD5 rise 
time 


tOR 






30 


ns 




DC1-DC9, 
DD1-DD5 fall 
time 


tDF 






30 


ns 




DC1-DC9 cycle 
time 


tCYDC 




100 




ns 




DC1-DC9 high 
level width 


%DCH 


40 


50 


60 


ns 




DC1-DC9 low 
level width 


tyi/DCL 


40 


50 


60 


ns 




DD1-DD5 high 
level width 


tWDH 


55 


70 


100 


ns 




R/WCLKrise 
time 


tRWR 






10 


ns 




R/WCLKfall 
time 


tRWF 






10 


ns 




R/WCLK cycle 
time 


tCYRW 


83 


100 




ns 




R/WCLK high 
level width 


%RWH 


30 






ns 




R/WCLK low 
level width 


tWRWL 


30 






ns 







Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


TVP 


Max 


Conditions 


Crystal 
frequency 


fxTAL 




10 


10.5 


MHz 




DLCLK t to DC9 
t delay time 


tDDC1 


85 


90 


95 


ns 


(Note 3) 


DCn ttoDCn-fl 
t delay time 
(n=1,2, ..,8) 


tDDC2 


8 


10 


12 


ns 


(Note 3) 


DLDATA t to 
DD5t delay time 


tODDI 


95 


100 


105 


ns 


(Note 3) 


DDn t to 

DDn -fit delay 

time 

(n = 2,3,4) 


tDDD2 


8 


10 


12 


ns 


(Note 3) 


R/WCLKtto 
R/WDATA 
delay time 


tORW 


10 


20 


45 


ns 


RGATE=1 



Note: 

(1) CuoAD = 30pF 

(2) When delay line is driven 

(3) Delay line specs used: 

Delay time step = 10 + 2 ns; total delay time = 100 ±5 ns 

Table 1. iiPD9306/A Performance 



Connection 
(Notel) 


Bit Jitter 
Margin 


Speed Variation 
Tolerance 


DD1 to 40-ns delay line tap and 
DD2 to 60-ns delay line tap 


±30ns 


±2% (Note 2) 


DD1 to 30-ns delay line tap and 
DD2 to 70-ns delay line tap 


±35ns 


±1.5% (Note 2) 



E 



Note: 

(1) Performance depends on precision of externally connected delay 
line. 

(2) Modern Winchester drives seldom exceed 0.5% speed variation. 



AC Test Points 



2i 



2.0 V 
0.8 V 



A- 
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HEC 



Timing Waveforms 

Controller Interface Timing (Read Operation Only) 



Delay Line Inputs 



— ^ |*-«RWR h tCYRW ► 

3CZ 



KZ^XI 



De/ay L/ne Timing Requirements 



—- [♦•iDR 





c^^: 



DCn 7 


^ \ 


_/" 


V 




|. .1 tDDC2 

DCn+1 T \ 
(n = 1,2,...,8) ' ^ 




y 


^ 

83W3733A 



DDh 7 

DDn+1 
(n = 2,3,4) 


■• 4-tDDD2 


_/~"v_ 


83«I3735A 



h-*DLR 




-tCYDLK- 




XT. 



Jtt 



tDLR tDLF 



r^_7^^v_ 



^^~\ 



\ 



DLDATA 7 


■ \ 


J 


V 




H ^»DDD1 

DD5 T^ \ 




J 
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Functional Description 

System Configuration 

The schematic diagram in figure 1 iliustrates the use of 
the mPI39306/A in conjunction with active delay lines. 
Active delay lines are the easiest to use in any applica- 
tion, but generally cost twice as much as the passive 
type. The /iPD9306/ A is capable of driving passive delay 
lines with 200 £2 or higher impedance. A circuit example 
is shown in figure 2. Passive delay lines will perform very 
well when provided with good grounds and proper 
termination. 

Figure 1. System Configuration witli Passive 
Delay Lines 



IN °*'^V 

40 60 80 90 100 



DLDATA DD1 DD2 DD3 DD4 DD5 



DLCLK DC1 



MPD9306/A 
DC2 DC4 DC6 DC8 



- R1 = 1.6«Zo 
R2 = 2.5«Zo 
+5V 



10 2030405060 70 8090 
IN Delay 2 



Characteristic Impedance = Zo (1) for Delay 1 and 2 




Note: 

(1) An internal terminating resistor provided witti the delay line should not 
be used. The delay line should be terminated at the last stage output 
(100 ns) as shown. 

Precompensation Circuit 

Write precompensation is a technique that reduces the 
bit jitter present In read data, thereby increasing reliabil- 
ity. It is typically used only on the inner cylinders. When 
data is written to the disk, pulse crowding takes place 
on the higher-numbered inner cylinders where the same 
amount of data is compressed into less space than on 
the outer cylinders. A high percentage of the bit jitter 
present in the read data is due to magnetic effects caus- 
ing flux transitions to occur displaced from their nomi- 
nal position. These effects are predictable based on the 
pattern of data being recorded. Precompensation re- 
duces bit jitter by writing the data slightly before or 
slightly after the nominal pulse transition time in a 
direction opposite to the expected jitter. 



Various manufacturers of many ST-506 style Winchester 
disk drives use delay values of 10-12 ns. The i;iPD7261A 
generates the two precompensation control signals, 
precompensation early (PCE) and precompensation 
late (POL), to direct the write data through one of three 
delay pathways. There is circuitry within the (.iPD9306/A 
allowing it to operate with PCE/L and R/W DATA 
skewed from each other by as much as 50 ns. This elimi- 
nates the need for synchronizing the precompensation 
and write data signals externally. 

The fiPD9306/A utilizes the data path delay line for both 
the precompensation and the phase-comparator cir- 
cuit. When RGATE is low, data appearing on the R/W 
DATA line is written to the drive. The write data is passed 
through delay line 1, and the 80-, 90- and 100-ns taps are 
used for the early, nominal and late signals. 

Digital Phase-Locked Loop 

The ;iPD9306/ A employs unique circuitry to accomplish 
the phase-locked loop (PLL) function, which simplifies 
the overall design and provides very low error rate data 
recovery. 

The raw read data from the ST-506 Winchester is MFM 
encoded and consists of clock and data pulses. The 
data format on the disk is broken into sectors with each 
sector containing sync fields, address marks, ID fields, 
and data fields. The different fields each have specific 
functions. For an In-depth explanation of each of these, 
refer to the jiPD7261A user's manual. 

Typically, a Winchester controller will have a data sepa- 
rator that recovers data from the MFM data stream. 
Within the data separator are several functional blocks 
that include a sync field detector, phase-locked loop 
(consisting of a phase comparator, error amplifier, low- 
pass filter, voltage-controlled oscillator, and pulse syn- 
chronizing logic), reference oscillator, and address 
mark detector. The ijlPD9306IA eliminates the need for 
many of these functional blocks. It acquires "lock" 
within 4 bit times in a sync field, yet It is incapable of 
locking to a harmonic, as analog PLL circuits are prone 
to do. The jiPD9306/A is also immune to the high- 
frequency bursts that may occur during the write splice 
areas of the disk. 
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Figure 2. iiPD9306 with Passive Deiay Line 



J1, ST506 Interface 
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The /iPD9306/A simulates the function of an analog 
VCO by using a digital phase-shift network. One of the 
external delay lines is used to generate ten phase- 
shifted reference clocks. These clocks have a frequency 
of lOIVIHz and are phase shifted in equal degree incre- 
ments. The total delay line time is 100 ns, which is the 
same as the period of the clock, providing a complete 
360° phase shift. The jLiPD9306/A synthesizes the VCO 
signal by internally selecting one of the phase-shifted 
clock signals. The rate at which the clock is phase- 
shifted in one direction or the other corresponds to an 
increase or decrease in the resulting frequency. 



The internal phase comparator uses the data delay line 
(Delay 1) to divide the data window into ten slices. De- 
pending on where the sampling edge of the recovery 
clock falls within the data window, a proprietary 
algorithm changes the phase of the recovery clock. The 
juPD9306/A has the same jitter rejection abilities that 
you would expect from a well-designed analog PLL It 
can accept disk data with jitter in excess of plus or mi- 
nus 30 ns. As an option, delay line 1 taps DD1 and DD2 
may be connected to the 30-ns and the 70-ns tap respec- 
tively. Due to this option, the /iPD9306/ A performance is 
affected by its immunity to bit jitter and its tolerance to 
speed variation as shown in table 1. 



E 
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//PD7262 

ENHANCED SMALL DEVICE 

INTERFACE CONTROLLER 



Description 

The //PD7262 is a highly-integrated, single-chip con- 
troller for ESDI Winchester Disks. While conforming 
to the complete revision E of the ESDI specification, 
this device executes 22 high-level commands that 
provide flexibility and ease of usage. The ^<PD7262 is 
based on the proven //PD7261A///PD7260 architecture 
but adapted to the special requirements of this disk 
interface. It eliminates numerous ICs and gives 
complete access to all of the features implemented by 
the ESDI disk drive manufacturers. 

Features 

n Controls ESDI serial mode disks 

D Controls up to seven disk drives 

n Programmable soft and hard sector formats 

D 18-MHz data transfer rate 

D Multi-sector, -track, and -cylinder transfer 

capability 
D Implied seek and parallel seek capability 
D 22 high level disk commands and 4 auxiliary 

commands 
D CRC error detection 
D ECC error detection and correction 
D Single +5 volt supply 
D NMOS 40-pin DIP 



Pin Configuration 



Disic Commands 

Check 

Chip Reset 

Clear Command End Bit 

Clear Data FIFO 

Detect Error 

Format Sector 

Format Track 

Get Internal Information 

Group Assign 

Logical Seek 

Mask SRQ Interrupt 

Physical Seek 

Read Data 

Ordering Information 



Read Diagnostic 

Read ID 

Recalibrate 

Scan 

Send 

Send Extended 

Sense Seek Status 

Sense Unit Status 

Specifyl 

Specify2 

Verify Data 

Verify ID 

Write Data 



Part Number 



Package Type 



Max Frequency 
of Operation 



WDATA C 


1 V. 


^ 40 


D Vcc 


RDATA C 


2 


39 


3 rgate 


RCLK C 


3 


3S 


3 wgate 


RESET C 


4 


37 


DCLK 


INT C 


5 


36 


:: INDEX 


DMARQC 6 


35 


2 secp/bclk/amf 


TCC 7 


34 


DAME 


wclkC 


8 


33 


D[NC] 


rdC 


9 


32 


Ddsd 


wrC 


10 s 


5 31 


3 ready 


AoC 11 Q 30 


3 ATT 


DoC 


12 


=^ 29 


3CMDC 


Di C 13 


28 


3 HSo/XACK 


02 C 


14 


27 


3 HSi/RxD 


D3C 


15 


26 


3 HS2/TXD 


D4C 16 


25 


3 HS3/XREQ 


DsC 


17 


24 


3DSi 


D6C 


18 


23 


DDS2 


D7C 19 


22 


DDS3 


GNDC 20 


21 


3 RW/COM 








83-002630A 



Pin 


identification 


No. 


Symbol 


Function 


1 


WDATA 


NRZ write data output to ESDI drive 


2 


RDATA 


NRZ read data input from ESDI drive 


3 


RCLK 


Read/reference clock input from 
ESDI drive 


4 


RESET 


System reset input 


5 


INT 


Interrupt request output 


6 


DMARQ 


DMA request output 


7 


TC 


Terminal count input from DMAC 


8 


WCLK 


Write clock output to ESDI drive 


g 


RD 


Read control input signal from host 
computer 


10 


Wr 


Write control input signal from host 
computer 


11 


Ao 


Address select input from host 
computer 


12-19 


D0-D7 


Data bus from host computer 


20 


GND 


System ground 


21 


RW/COM 


This output specifies the status of 
pins 25-28 


22-24 


DS3-DS1 


Drive select outputs to ESDI drive 




/UPD7262D 



40-pln ceramic DIP 



18 MHz 
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Pin Identification (cont) 



No. 



Symbol 



Function 



25 


HS3/XREQ 


26 


HS2/TXD 


27 


HSi/RxD 


28 


HSq/XACK 



If RW/C0M = 1: head select (HS) 
outputs to ESDI drive. 

If RW/COM = for serial data 
transfer to ESDI drive: transfer 
request (XREQ) output, transmit data 
(TxD) output, receive data (RxD) 
input, and transfer acknowledge 
(XACK) input. 



29 


CMDC 


Command complete input from ESDI 
drive 


30 


AH 


Attention input from ESDI drive 


31 


READY 


Ready input from ESDI drive 


32 


DSD 


Drive selected input from ESDI drive 



No. 


Symbol 


Function 


33 


NC 


Not connected; leave open 


34 


AME 


Address mark enable output from 
ESDI drive 


35 


SECP/BCLK/ 
AMF 


Sector pulse or byte clock or 
address mark found; input from ESDI 
drive (mutually exclusive) 


36 


INDEX 


Index detected input from ESDI drive 


37 


CLK 


System clock input to ;uPD7262 


38 


WGATE 


Write gate output to ESDI drive 


39 


RGATE 


Read gate output to ESDI drive 


40 


Vcc 


+5 V (Typical) input 



Biocic Diagram 
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//PD7201A 

MULTIPROTOCOL SERIAL 

COMMUNICATIONS CONTROLLER 



Description 

The jiPD7201A is a dual-channel multifunction 
peripheral communication controller (MPSCC) that 
satisfies a wide variety of serial data communication 
requirements in computer systems. Its basic function 
Is as a serial-to-parallel, parallel-to-serial converter/ 
controller, and it is software configurable for serial 
data communications applications. 

The nPD7201 A can handle asynchronous and synchro- 
nous byte-oriented protocols, such as IBM Bisync, 
and synchronous bit-oriented protocols such as 
HDLC and IBM SDLC. It also supports virtually any 
other serial protocol for applications other than data 
communications. 

The nPD7201 A can generate and check cyclic redun- 
dancy check (CRC) codes in any synchronous mode 
and can be programmed to check data integrity in 
various modes. The device also has facilities for 
modem controls in both channels. In applications 
where modem controls are not needed, they can be 
used for general-purpose I/O. 

Features 

D Two fully independent duplex serial channels 
n Four independent DMA channels for send/receive 

data for both serial inputs/outputs 
D Programmable interrupt vectors and interrupt 

priorities 
D Modem control signals 
D Variable software programmable data rate, up to 

1 Mbaud at 5 MHz clock 
D Double buffered transmitter data and quadruply 

buffered receive data 
n Programmble GRC algorithm 
D Selection of interrupt, DMA or polling mode of 

operation 
D Asynchronous operation 

— Character length: x1, x16, x32, or x64 
lock frequency 

— Parity: odd, even, or disable 

— Break generation and detection 

— Interrupt on parity, overrun, or framing errors 



D Monosync, bisync, and external sync operations 

— Software selectable sync characters 

— Automatic sync insertion 

— CRC generation and checking 
n HDLC and SDLC operations 

— Abort sequence generation and detection 

— Automatic zero insertion and detection 

— Address field recognition 

— CRC generation and checking 

— l-field residue handling 
D N-channel MOS technology 

D Single -(-5V power supply; interface to most 
microprocessors including 8080, 8085, 8086, and 
others. 

n Single-phase TTL clock 

D Plastic and ceramic dual-in-line packages 



Ordering information 




Part Number 


Package Type 


A(PD7201AC 


40-pin plastic DIP 


A(PD7201AD 


40-pin ceramic DIP 



Pin Configuration 




CLK C 


1 


40 


:vcc 


RESET H 


2 


39 


DCTSA 


DCPAC 


3 


38 


3RTSA 


RxCBC 


4 


37 


DTxDA 


DCDBC 


5 


36 


3TxCA 


ctsb: 


6 


35 


iRxCA 


TxCB[ 


7 


34 


]RxDA 


TxDB q 


8 


33 


3 SYNCA 


RxDBC 


9 < 32 


3 WAITA/DRQRxA 


RTS8/SYNCB C 


10 8 31 


3 DTRA/ HAO 


WAITB/DRQTxA \^ 


11 g 30 


U PRO/DRQTxB 


Dt€ 


12 


^ 29 


3 PRI/DRQRxB 


%L 


13 


28 


DiNT 


D,C 


14 


27 


J INTAK 


D4C 


15 


26 


3 DTRB/HAI 


D3: 


16 


25 


Hb/a 


DaC 


17 


24 


]C/D 


D,C 


18 


23 


DCS 


DoC 


19 


22 


Drd 


VssC 


20 


21 


DWR 
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No. 


Symbol 


Function 


1 


CLK 


System clock input 


2 


RESET 


Reset input 


3 


DCDA 


Data carrier detect input A 


4 


RxCB 


Receiver ciocl< input B 


5 


DCDB 


Data carrier detect Input B 


6 


CTSB 


Clear to send input B 


7 


TxCB 


Transmitter clock input B 


8 


TxDB 


Transmit data output B 


9 


RxDB 


Receive data input B 


10 


RTSB/SYNCB 


Request to send output B/Synchro- 
nlzation input/output B 


11 


WAITB/DRQTxA 


Wait output B/Transmit DMA request 
output A 


12-19 


D7-D0 


Data Bus 


20 


Vss 


Ground 


21 


WR 


Write strobe input 


22 


RD 


Read strobe input 


23 


CS 


Chip select input 


24 


C/D 


Control/data input 


25 


B/A 


Channel select input 


26 


DTRB/HAI 


Data terminal output B/Hold 
acknowledge input 


27 


INTAK 


Interrupt acknowledge input 


28 


INT 


Interrupt request output 


29 


PRl/DRQRxB 


Interrupt priority input/Receive DMA 
request output B 


30 


PRO/DRQTxB 


Interrupt priority output/Transmit 
DMA request output B 


31 


DTRA/HAO 


Data terminal output A/Hold 
acknowledge output 


32 


WAITA/DRQRxA 


Wait output A/ Receive DMA request 
output A 


33 


SYNCA 


Synchronization input/output A 


34 


RxDA 


Receive data Input A 


35 


RxCA 


Receiver clock input A 


36 


TxCA 


Transmitter clock input A 


37 


TxDA 


Transmit data output A 


38 


RTSA 


Request to send output A 


39 


CTSA 


Clear to send input A 


40 


Vcc 


+ 5V 



Pin Functions 

CLK [System Clock] 

A TTL-level clock signal is applied to the CLK input. 
The system clock frequency must be at least 4.5 times 
the clo ck frequency applied to any of the data clock 
inputs (TxCA, TxCB, RxCA, RxCB). 



RESET [Reset] 



A low on the RESET input (one complete CLK cycle 
minimum) initializes the MPSCC to the following con- 
ditions: receivers and transmitters disabled, TxDA and 
TxDB s et to markin g (high ), and modem controls 
(DTRA, DTRB, RTSA, RTSB) set high. 

In addition, all interrupts are disabled and all inter- 
rupt and DIVIA requests are cleared. All control 
registers must be rewritten after a reset before 
transmission or reception can be restarted. 



DCDA, DCDB [Data Carrier Detect] 



The DCDA and DCDB inputs go low to indicate the 
presence of valid serial data at RxD. The MPSCC may 
be pr ogram med so that the receiver is enabled only 
when DCD is low, and so that any change in state that 
lasts longer than the minium specifi ed pu lse width 
causes an interrupt and latches the DCD status bit 
to the new state. 



RxCA, RxCB [Receiver Clocic] 



The RxCA and RxCB inputs control sampling and 
shifting serial data at RxDA and RxDB. The MPSCC 
can be programmed so that the clock rate is 1, 16, 32, 
or 64 times t he data ra te. RxD is sampled on the ris- 
ing edge of RxC. RxC features a Schmitt-trigger in- 
put for relaxed rise and fall time requirements. 



TxCA, TxCB [Transmitter Ciocic] 



The TxCA and TxCB inputs control the rate at which 
data is shifted out at TxDA and TxDB. The MPSCC can 
be programmed so that the clock rate is 1, 16, 32, or 
64 time s the data rate. Data changes on the falling 
edge of TxC. TxC features a Schmitt-trigger Input for 
relaxed rise and fall time requirements. 

TxDA, TxDB [Transmit Data] 

TxDA and TxDB output serial data from the MPSCC. 
(Marking high). 



6-132 



SEC 



/XPD7201A 



RxDA, RxDB [Receive Data] 

RxDA and RxDB input serial data to tlie MPSCC. 
(l\/larking liigli.) 



WAITA, WAITB [Wait] 



CTSA, CTSB [Clear to Send] 



The CTSA and CTSB inputs go low to indicate that 
the receiving modem or peripheral is ready to receive 
data from the MPSCC. The MPSCC can be program- 
med so that th e tran smitter is enabled only when CTS 
is low. As with DCD, the MPSCC can be programmed 
to ca use an interrupt and latch the new state when 
CTS changes state for longer than the minimum 
specified pulse width. 



RTSA, RTSB [Request to Send] 

When t he M PSC C is in one of the synchronous 
modes, RTSA and RTSB are general-purpose outputs 
that can be set or reset with com mands to the 
MPSCC. In asynchronous mode, RTS is active (low) 
as soon as it i s pro grammed on. However, when pro- 
grammed off, RTS remains active until the transmit- 
ter is completely empty. This feature simplifies the 
programming required to perform modem control. 



SYNCA, SYNCB [Synchronization] 

The function of the SYNCA and SYNCB pins depends 
on the MPSC C operating mode. In asynchronous 
mode, SYNC is used as an input that the processor 
can read. It can be programm ed to ge nerat e an inter- 
rupt in the same manner as DCD or CTS. 



In external sync mode, SYNC is an active-low input 
that notifies the MPSCC that synchronization has 
been achieved (see timing wavefo rms fo r details). 
Once synchronization is achieved, SYNC should be 
held low until synchronization is lost or a new 
message is about to start. 

In intern al sync hronization modes (monosync, bisync, 
SDLC), SYNC is an output which is active (low) 
whenever a SYNC character match is made. There is 
no qualifying logic associated with this function. 
Regardless of character boundaries, SYNC is active 
on any match. 

DRQTxA, DRQTxB, DRQRxA, DRQRxB 
[DIVIA Request] 

When a DRQTxA, DRQTxB, DRQRxA, or DRQRxB out- 
put is active (low), it indicates to a DMA controller that 
a transmitter or receiver is requesting a DMA data 
transfer. 



The WAITA and WAITB outputs synchronize the pro- 
cessor with the MPSCC when blocl< transfer mode is 
used. It can be programmed to operate with either the 
receiv er or transmitter, but not both simutaneously. 
WAIT is normally inactive (high). If the processor tries, 
for example, to perform an inappropriate data transfer 
such as a write to t he tran smitter when the transmit- 
ter buffer is full, the WAIT output for the channel will 
go active (low) un_til the MPSCC i s rea dy to accept the 
data. The CS, C/D, B/A, RD, and WR inputs must re- 
main stable while wait is active. (Open drain.) 

D0-D7 [Data Bus] 

The three-state data bus lines are connected to the 
system data bus. Data or status from the MPSCC is 
output on these lines when CS and RD are active (low). 
Data and commands are latched into the MPSCC on 
the rising edge of WR when CS is active. 

WR [Write Strobe] 

A low on the WR input (with either CS during the read 
cycle or HAI during a DMA cycle) notifies the MPSCC 
to write data or control information to the device. 

RD [Read Strobe] 

A low on the RD input (with either CS during a read 
cycle or HAI during a DMA cycle) notifies the MPSCC 
to read data or status from the device. 

CS [Chip Select] 

A low on the CS input allows the MPSCC to transfer 
data or commands during a read or write cycle. 

C/D [Control/Data] 

The C/D input, with RD, WR, CS, and B/A selects the 
data register (C/D = 0) or the control and status 
registers (C/D = 1) for access over the data bus. 

B/A [Channel Select] 

B/A input low selects channel A and B/A high selects 
channel B for access during a read or write cycle. 




DTRA, DTRB [Data Terminal] 



The DTRA and DTRB outputs are general-purpose, 
active-low outputs which may be set or reset with 
commands to the MPSCC. 
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INTAK [Interrupt Acknowledge] 



The processor generates two or three INTAK low 
pulses (depending on the processor type) to signal all 
peripheral devices that an interrupt acknowledge se- 
quence is taking place. During the interrupt 
acknowledge sequence, the MPSCC, if so program- 
med, places information on the data bus to vector the 
processor to the appropriate interrupt service 
location. 

INT [Interrupt Request] 

The INT output is pulled low when an internal inter- 
rupt request is accepted. (Open drain.) 

PRI [Interrupt Priority In] 

The PR? input informs the MPSCC that the highest 
priorit y dev ice is requesting an interrupt. It is used 
with PRO to implement a priority-resolution 
daisychain when there is more than one interrupting 
device. The state of PRI and the programmed inter- 
rupt mode determine the MPSCC's response to an in- 
terrupt acknowledge sequence. 



PRO [Interrupt Priority Out] 

The PRO output is active (low) when PRI is active (low) 
and the MPSCC is not requesting an interrupt (INT is 
not active). 

The active state informs the next lower priority device 
that there are no higher priority interrupt requests 
pending during an acknowledge sequence. 

HAI [Hold Acknowledge In] 

The HAJ input goes low to notify the MPSCC that the 
host processor has acknowledged the DMA request 
and has placed itself in the hold state. The MPSCC 
then performs a DMA cycle for the highest priority 
outstanding DMA request, if any. 



HAO [Hold Acknowledge Out] 

The HAO output, with HAI, implements a priority- 
resolution daisychain for multiple DMA devices. HAO 
is active (low) when HAI is active and there are no 
DMA requests pending in the MPSCC. 
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Absolute Maximum Ratings 



AC Ciiaracteristics (cont) 



Ta = 25°C 



Power Supply, Vcc 


-0.5 to + 7.0 V 


Input Voltage, V| 


-0.5 to + 7.0 V 


Output Voltage, Vq 


-0.5 to + 7.0 V 


Operating temperature, Tqpt 


0°C to + 70°C 


Storage Temperature, Tstg 


-65°C to + 150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational section of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 

Ta = 250C; Vcc = GND = OV 





Symbol 


Limits 


Unit Ti 




Parameter 


1 Min 


Max 


est Conditions 


Input Capacitance 


C|N 




10 


pF fc 


= 1MHz 


Output Capacitance Cqut 




15 


pF Unmeasured pins 


I/O Capacitance 


C|/0 




20 


pF returned to GND. 


DC Ciiaracteristics 

Ta = 0°C to + 70°C; Vcc = 


+ 5V ± 


10% 






Symbol 


Limits 


Unit 




Parameter 


MIn 


Max 


Test Conditions 


Input low 
voltage 


V|L 


-0.5 


+ 0.8 


V 




Input high 
voltage 


VlH 


+ 2.0 


Vcc + 0.5 V 




Output low 
voltage 


Vol 




+ 0.45 


V 


Iql =+2.0 mA 


Output high 
Voltage 


VOH 


+ 2.4 




V 


loH = 200hA 


Input leakage 
current 


l|L 




±10 


fA 


V|N = Vcc to O V 


Output leakage 
current 


IQL 




±10 


f.A 


V0UT = VCC 
to O V 


Vcc supply 
current 


Ice 




230 


mA 




AC Characteristics 

Ta = 0°C to + 70°C; Vcc = 


+ 5 V ± 


10% 






Symbol 


Limits 


Unit 




Parameter 


MIn 


Max 


Test Conditions 


Clock cycle 


tCY 


200 


4000 


ns 




Clock high 
width 


tCH 


70 


2000 


ns 




Clock low width 


tCL 


70 


2000 


ns 





Ta = o°c to + 


70°C; ' 


^cc = 


+ 5 V ± 


10% 




Symbol 




Limits 


Unit Test Conditions 


Parameter 


MIn 


Max 


Clock rise time 


tr 





30 


ns 


Clock fall time 


tf 





30 


ns 


Address setup 
to RD 


tAR 







ns 


Address hold 
from RD 


tRA 







ns 


RD pulse width 


tRR 


200 




ns 


Data output 
delay from 
address 


Ud 




200 


ns 


Data output_ 
delay from RD 


tRD 




200 


ns 


Data fjoat delay 
from RD 


tDF 


10 


100 


ns 


Address setup 
from WR 


Uw 







ns 


Address hold 
from WR 


%A 







ns 


WR pulse width 


tww 


200 




ns 


Data setup 
toWR 


tow/ 


130 




ns 


Data hold 
from WR 


%D 







ns 


PRO delay 
from PRI 


tpipo 




100 


ns 


PRO delay 
from INTAK 


tjAPO 




200 


ns 


PRI setup 
to INTAK 


tpHA 







ns 


PRI hold 
from INTAK 


tiAPI 


20 




ns 


INTAK pulse 
width 


t|AIA 


200 




ns 


Data output 
delay from 
INTAK 


t|AD 




200 


ns 


Data float delay 
from INTAK 


tDF 


10 


100 


ns 


Request hold 
from RD/WR 


ka 




150 


ns 


HAI setup to 
RD/WR 


thlC 


300 




ns 


HAi hold from 
RD/WR 


tCHI 







ns 


HAO delay 
from HAI 


thlHO 




100 


ns 


Data clock 
cycle 


tOCY 


400 




ns RxC, TxC 
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AC Characteristics (cent) 



Ta = 0°C to + 


70°C; Vcc 


= +5V ± - 


0% 






Symbol 




Limits 


Unit 




Parameter 


MIn 


Max 


Test Conditions 


Pata clock high 
width 


toCH 


180 




ns 


RxC, TxC 


Pata clock low 
width 


toCL 


180 




ns 


RxC, TxC 


Tx data delay 


tjCTD 




300 


ns 


x1 IVIode 


from TxC 




1000 


ns 


x16, x32, x64 
Mode 


Rx data setup 
to RxC 


Irdrc 







ns 




Rx Pata hold 
from RxC 


tRCRD 


140 




ns 




INT delay Time 
from Tx Data 


tjDI 




4-6 


tCY 




JNT delay Time 
from RxC 


tRCI 




7-11 


tCY 




CTS, PCP, 
SYNC high 
pulse width 


'mh 


200 




ns 




CT^, PCD, 
SYNC low 
pulse width 


tML 


200 




ns 




External iFf 
from CTS, 
PCP, SYNC 


tWF 




500 


ns 




Recovery time 

between 

controls 


tRV 


300 




ns 




WAIT delay 
time from 
Address 


tAWT 




120 


ns 




SYNC setup to 
RxC 


tRCS 




100 


ns 





Note: 1. RESET must be active for a mininnum of one complete CLK 
cycle. 
2. In all modes system clock rate must be 4.5 times data rate. 



Timing Waveforms 

AC Waveform Measurement Points 



2.4V V^ 

0.45V ^=*r- 



Test Points 



CL =150pf 






Read Cycle 




INTAK Cycle 



INTAK [11 ' 


• — tiAIA H 


— 


^ 


_7 ^ 




i 






tPHA — 




llAPI— • 


t 


PRI [2] 




V 






-M 


tlAb 


r— 


1 


DB 


X Y 




X 


X ) 










IPIPO 




-*l 


u 


PRO 








tDP 




-tlAPO*) 











Note: [1] INTA signal acts as RD signal. 

[2] PRI and HAI signals act as OS signal. 



Write Cycle 




DMA Cycle 



^ 


ICQ k 


_ 






DRQ / 




1 




'v 








HAI [1] 




f 


— tHIC — n 


/ 


*CHI 


RD/WR 


\| 


1 


HAO 
Note: [1 ] PRI and HAI signals act a 


UtHIHOH 
CS signal. 
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Timing Waveforms (cont) 

Transmit Data Cycle 



tDCH-» 



TxD 

JNT 



1- — tiDI 



Receive Data Cycle 



RxC 
RxD 
INT 



•rdrc 



■>,h— tDCL 



=t: 



r 



IS 

tRCRD 



Other Timing 




Clock 



lr-*IF^--tr 



Read/Write Cycle 

(Software Block Transfer Mode) 



C/D, B/A, CS 
RD/WR 



WAITA/B 



^ r 



^^y 



Programming tiie IMPSCC 

Software operation of the MPSCC includes consistent 
register organization and higli-level command struc- 
ture to lielp minimize tfie number of operations re- 
quired to implement complex protocol designs. The 
IVIPSCC also has extensive interrupt and status report- 
ing capabilities to simplify programming. 

Tiie iMPSCC Registers 

The MPSCC interfaces to the system software with 
a number of control and status registers associated 
with each channel (see tables 1 and 2). Commonly us- 
ed commands and status bits are accessed directly 
through control and status register 0. Other functions 
are accessed indirectly with a register pointer to 
minimize the address space that must be dedicated 
to the IVIPSCC. 



Sync Pulse Generation 
(External Sync Mode) 







RxC / \ / \ 


' \ / 


Last Bit of 
Sync Character 


First Bit of 
Data Character 


SYNC 


tRCS ► 


> 


V- 




All control and status registers except CR2 are 
separately maintained for each channel. Control and 
status register 2 are linked with the overall operation 
of the l\/IPSCC and have different meanings when ad- 
dressed through different channels. 

Before intializing the MPSCC, first program control 
register 2A (2B if desired) to establish the MPSCC pro- 
cessor/bus interface mode. Each channel may then 
be programmed for separate use beginning with con- 
trol register 4 to set the protocol mode for that chan- 
nel. The remaining registers may then be program- 
med in any order. 
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Table 1. 


Control Registers 


Control 
Register 


Function 





Frequently used commands and register pointer 
control 


1 Interrupt control 


2 


Processor/bus interface control 


3 


Receiver control 


4 


Mode control 


5 


Transmitter control 


6 


Sync/address character 


7 


Sync character 



Control Register 



D/ 


De 


Ds 


D4 


D3 


Da 


Dl 


Do 


CRC Control 
Command 


Command 


Register Pointer 



Register Pointer [D0-D2] 

The register pointer specifies wliicli register number 
is accessed at tlie next control register write or status 
register read. After a hardware or software reset, the 
register pointer is set to zero. Therefore, the first con- 
trol byte goes to control register 0. When the register 
pointer is set to a value other than zero the next con- 
trol or status (C/D = 1) access is to the specified 
register. The pointer is then reset to by setting the 
register pointer. 

Commands [D3-D5] 

Commands commonly used during the operation of 
the MPSCC are grouped in control register 0. They in- 
clude the following: 

Null [000] : This command has no effect and is used 
only to set the register pointer or issue a CRC 
command. 

Send Abort [001] : When operating in the SDLC mode, 
this command causes the MPSCC to transmit the 
SDLC abort code by issuing 8 to 13 consecutive 1s. 
Any data currently in the transmitter or the transmit- 
ter buffer is destroyed. After sending the abort, the 
transmitter reverts to the idle phase (flags). When us- 
ing the Tx byte count mode enable (De of CR1), the 
send abort command is automatically issued when 
an underrun condition occurs. 



Table 2. 


Status Registers 


status 
Register 


Function 





Buffer and "external/status" status 


1 


Received character error and special condition 
status 


2 

(Channel 
B only) 


Interrupt Vector 


3 


Tx byte count register, low byte 


4 


Tx byte count register, high byte 



Reset External Status Interrupt [010] : When the ex- 
ternal/status change flag is set, the condition of bits 
D3-D7 of status register are latched to capture the 
short pulses that may occur. The reset external/status 
interrupts command reenables the latches so that 
new interrupts may be sensed. 

Channel Reset [001]: This command has the same 
effect on a single channel as an external reset at pin 2. 
A channel reset command to channel A rests the 
internal interrupt prioritization logic. This does not 
occur when a channel reset command is issued to 
channel B. All control registers associated with the 
channel to be reset must be reinitialized. Aftera channel 
reset, wait at least four system clock cycles before 
writing new commands or controls to that channel. 

Enable Interrupt on Next Character [100] : Issue this 
command at any time when operating the MPSCC in 
an interrupt on first received character mode. This 
command must be issued at the end of a message 
to reenable the interrupt logic for the next received 
character (first character of the next message). 

Reset Pending Transmitter Interrupt/DMA Request 
[101] : A pending transmitter buffer empty interrupt or 
DMA request can be reset without sending another 
character by issuing this command (typically at the 
end of a message). A new transmitter buffer empty 
interrupt or DMA request is not made until another 
character has been loaded and transferred to the 
transmitter shift register or when, if operating in the 
synchronous or SDLC modes, the first CRC character 
has been sent. 

Error Reset [110]: This command resets a special 
receive condition interrupt. It also reenables the parity 
and overrun error latches that allow error checking at 
the end of a message. 
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End of Interrupt [111] [Channel A Only] : Once an in- 
terrupt request has been issued by the MPSCC, all 
lower priority internal and external interrupts in the 
daisy chain are held off to permit the current inter- 
rupt to be serviced while allowing higher priority in- 
terrupts to occur. At some point in the interrupt ser- 
vice routine (generally at the end), the end of the in- 
terrupt command must be issued to channel A to 
reenable the daisy chain and allow any pending lower 
priority internal interrupt requests to occur. The EOl 
command must be sent to channel A for interrupts 
that occured on either channel. 

CRC Control Commands [De-D/] 

The following commands control the operation of the 
CRC generator/checker logic: 

Null [00] : This command has no effect and is used 
when issuing other commands or setting the register 
pointer. 

Reset Receiver CRC Checker [01] : This command 
resets the CRC checker to zero when the channel is 
in a synchronous mode. It resets to all 1s when in an 
SDLC mode. 

Reset Transmitter CRC Generator [01] : This com- 
mand resets the CRC generator to zero when the 
channel is in a synchronous mode. It resets to all Is 
when in an SDLC mode. 

Reset Idle/CRC Latch [11] : This command resets the 
idle/CRC latch so that when a transmitter underrun 
condition occurs (transmitter has no more characters 
to send), the transmitter enters the CRC phase of 
operation and begins to send the 16-bit CRC character 
calculated up to that point. The latch is then set so 
that if the underrun condition persists, idle characters 
are sent following the CRC. After a hardware or soft- 
ware reset, the latch is in the set state. This latch is 
automatically reset after the first character has been 
loaded into the Tx buffer in the SDLC mode. 

Control Register 1 



">7 


"6 


l>5 


Da 


D3 


D2 


Dl 


Do 


Wait 
Func- 
tion 
Enable 


Tx Byte 
Count 
Mode 
Enable 


Wait on 
Receive 
Trans- 
mitter 


Receiver 

Interrupt 

Mode 


Condi- 
tion 
Affects 
Vector 


Trans- 
mitter 
Interrupt 
Enable 


Ext/ 
Status 

INT 
Enable 








0? 


De 


DS 


D4 


IJ3 


D2 


Hi 


Do 


Low Byte 




Oj 


De 


Ds 


D* 


O3 


D2 


Dl 


Do 


High Byte 



External/Status Interrupt Enable [Dq] 

When this bit is set to one, the MPSCC issues an inter- 
rupt whenever any of the following conditions occur: 

— Transition of the DCD, CTS or SYNC input pin 

— Entering or leaving synchronous hunt phase, 
break detection or termination 

— SDLC abort detection or termination 

— Idle/CRC latch set (CRC being sent) 

— After ending flag is sent in the SDLC mode 

Transmitter Interrupt Enable [Di] 

When this bit is set to one, the MPSCC issues an 
interrupt when the following conditions occur: 

— A character currently in the transmitter buffer is 
transferred to the shift register (transmitter buf- 
fer becomes empty), or 

— The transmitter enters the idle phase and begins 
transmitting sync or flag characters. 

— The Tx byte mode enable bit is set {Dq of CR1 = 
1). The 7201A will automatically issue a Tx inter- 
rupt or DMA request when the transmitter 
becomes enabled (D3 of CR5 = 1). 

Condition Affects Vector [D2] 

When this bit is set to zero, the fixed vector pro- 
grammed in CR2B during MPSCC initialization is 
returned in an interrupt acknowledge sequence. When 
this bit is set to one, the vector is modified to reflect 
the condition that caused the interrupt. (Programm- 
ed in channel B for both channels). 

Receiver Interrupt Mode [D3 -04] 

This field controls how the MPSCC interrupt/DMA 
logic handles the character received condition. 

Receiver Interrupts/DMA Request Disabled [00] : The 

MPSCC does not issue an interrupt or a DMA request 
when a character has been received. 

Interrupt/DMA on First Received Character Only [01] : 

In this mode the MPSCC issues an interrupt only for 
the first character received after an enable inter- 
rupt/DMA on first character command (CRD) has been 
given. If the channel is in a DMA mode, a DMA request 
is issued for each character received, including the 
first. In general, use this mode whenever the MPSCC 
is in a DMA or block transfer mode. This will signal 
the processor that the beginning of an incoming 
message has been received. 
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Interrupt [and Issue a DMA Request] on All Received 
Characters [10] : In this mode an interrupt (and DiVIA 
request if the DMA mode is selected) is issued 
whenever there is a character present in the receiver 
buffer. A parity error is considered a special receive 
condition. 

Interrupt [and Issue a DMA Request] on All Received 
Characters [11] : This mode is the same as the one 
above, except that a parity error is not considered a 
special receive condition. The following are con- 
sidered special receive conditions: 

— Receive overrun error 

— Asynchronous framing error 

— Parity error (if specified) 

— SDLC end of message (final flag received) 

Wait on Receiver/Transmitter [D5] 

if the wait function is enabled for block mode 
transfers, setting this bit to zero causes the MPSCC 
to issue a wait (WAIT output goes low) when the pro- 
cessor attempts to write a character to the transmitter 
while the transmitter buffer is full. Setting this bit to 
one causes the IVIPSCC to issue a wait when the pro- 
cessor attempts to read a character from the receiver 
while the receiver buffer is empty. 

Tx Byte Count Enable [De] 

Each channel has a 16-bit Tx byte count register used 
for automatic transmit termination. When this bit is 
set to one, the next two consecutive command cycle 
writes will be to the byte count register. The first byte 
is loaded into the lower 8 bits and the second to the 
upper 8 bits of the byte count register. The byte count 
register holds the number of transfers to be performed 
by the transmitter. A byte counter is incremented each 
time a transfer is performed until the value of the byte 
counter is equal to the value in the byte count register. 
When equal, interrupts or DIVIA requests will be stop- 
ped until the byte count enable bit is issued and a new 
byte count is loaded into the byte count register. If 
a transmit underrun occurs in the SDLC mode, and 
the byte count is not equal to the byte count register, 
an abort sequence will be sent automatically. 



Also, when using the Tx byte count mode, a transmit 
interrupt or DMA request will automatically become 
active after issuing the TX enable command to CR5. 

The Tx byte count mode can be cleared by either a 
channel reset command or a hardware reset. 

Wait Function Enable [D7] 

Setting this bit to one enables the wait function 
selected by D5 of CR1. 

Control Register 2 (Channel A) 



D7 


Dfi 


B5 


D4 


D3 


O2 


Di 


Do 


Pin 10 


Rx 








SYNCB/ 


INT 




Priority 


DMA Mode 


RTSB 


Mask 


Interrupt Vector 




Select 



Di\/IA IVIode Select [Dq - Di] 

Setting this field determines whether channel A or B 
is used in a DMA mode [data transfers are performed 
by a DMA controller], or in a non-DMA mode where 
transfers are performed by the processor in either a 
polled, interrupt, or block transfer mode. The func- 
tions of some IVIPSCC pins are also controlled by this 
field. See table 3. 

Priority [D2] 

This bit selects the relative priorities of the various 
interrupt and DMA conditions according to the ap- 
plication requirements. See table 4. 

interrupt Vector IVIode [D3 - D5] 

This field determines how the MPSCC responds to an 
interrupt acknowledge sequence from the processor. 
See table 5. 

Rx INT Mask [Del 

This option is generally used in the DMA modes. 
Enabling this bit inhibits the interrupt from occuring 
when the interrupt/DMA request on first received 
character mode is selected. In other words, only a 
DMA request will be generated when the first 
character is received. 



Table 3. DMA Mode Selection 





Do 


Channel 






Pin Function 






Di 


A 


B 


11 


26 


29 


30 


31 


32 








Non-DMA 


Non-DMA 


WAITB 


DTRB 


PRI 


PRO 


DTRA 


WAITA 





1 


DMA 


Non-DMA 


DRQTxA 


HAI 


PRI 


PRO 


HAO 


DRQRxA 


1 





DMA 


DMA 


DRQTXA 


HAI 


DRQRxB 


DRQTxB 


HAO 


DRQRxA 


1 


1 


DMA 


DMA 


DRQTxA 


DRTB 


DRQRxB 


DRQTxB 


DTRA 


DRQRxA 
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Table 4. 


DMA/Interrupt Priorities 








Mode 


DMA Priority 
Relation 






I»2 


Channel A 


Channel B 


Interrupt Priority Relation 





INT 


INT 




SRxA, 


RxA>TxA>SRxB, RxB>TxB>ExTA>ExTB 


1 


INT 


INT 




SRxA, 


RxA>SRxB, RxB>TxA, TxB>ExTA>ExTB 





DMA 


INT 


RxA>Tx 


SRxA, 


RxA>SRxB, RxB>ExTA>ExTB 


1 


DMA 


INT 


RxA>TxA 


SRxA, 


RxA>SRxB, RxB>TxB, ExTA>ExTB 





DMA 


DMA 


RxA>TxA>RxB>TxB 


SRxA, 


RxA>SRxB, RxB>TxB>ExTB 


1 


DMA 


DMA 


RxA>RxB>TxA>TxB 


SRxA, 


RxA>SRxB, RxB>ExTA, ExTB 



Table 5. Interrupt Acknowledge Sequence Response 


Ds o^ 


D3 


Mode 


Status Register 2B and Inter- 
rupt Vector Bits AHected 
When Condition Affects 
Vector is Enabled 








Nonvectored 




D4D3D2 





1 


Nonvectored 




D4D3D2 


1 





Nonvectored 




D2D1D0 


1 


1 


Illegal 






1 





8085 Master 




D4D3D2 


1 


1 


8085 Slave 




D4D3D2 


1 1 





8086 




D2D1D0 


1 1 


1 


8085/8259A Slave 




D4D3D2 



Pin 10 SYNCB/RTSB Select [D7] 

Programming a zero into tliis bit seiects RTSB as the 
function of pin 10. A one selects SYNCB as the 
function. 



Control Register 2 (Channel B) 




D7 De D5 D4 D3 D2 D\ 


Do 


Interrupt Vector 



Interrupt Vector [Do ■ D7] 

When using the iVlPSCC in the vectored interrupt 
mode, the contents of this register are piaced on the 
bus during the appropriate portion of the interrupt 
acl<nowledge sequence. Its value is modified if status 
affects vector is enabled. The value of SR2B can be 
read at anytime. This feature is useful in determining 
the cause of an interrupt when using the MPSCC in 
a nonvectored interrupt mode. 

Control Register 3 



D7 


Ob 


D5 


H4 


D3 


02 


Dl 


Do 












Sync 










Re- 




Char- 




Number of 




Enter 


ceiver 


Address 


acter 


Re- 


Received Bits 


Auto 


Hunt 


CRC 


Search 


Load 


ceiver 


per Character 


Enables 


Phase 


Enable 


Mode 


Inhibit 


Enable 



Receiver Enable [Dq] 

Setting this bit to one after the channel has been com- 
pletely initialized allows the receiver to begin opera- 
tion. This bit may be set to zero at any time to disable 
the receiver. 

Sync Character Load Inhibit [Di] 

In the character synchronous modes, this bit inhibits 
the transfer of sync characters to the receiver buffer, 
thus performing a "sync-stripping" operation. When 
using the MPSCC's CRC checking ability, use this 
feature only to strip leading sync characters 
preceding a message, since the load inhibit does not 
exclude sync characters embedded in the message 
from the CRC calculation. Synchronous protocols us- 
ing other types of block checking such as checksum 
or LRC are free to strip embedded sync characters. 

Address Search Mode [D2] 

In the SDLC mode, setting this bit places the MPSCC 
in an address search mode. Character assenribly does 
not begin until the 8-bit character (secondary address 
field) following the starting flag of a message matches 
either the address programmed into CR6 or the global 
address 11111111. 

Receiver CRC Enable [D3] 

This bit enables and disables [1 = enable) the CRC 
checker in the character oriented protocol mode, 
allowing characters from the CRC calculation to be 
selectively included or excluded. The MPSCC has a 
one-character delay between the receiver shift register 
and the CRC checker so that the enabling or disabl- 
ing takes affect with the last character transferred 
from the shift register to the receiver buffer. Therefore, 
there is one full character time in which to read the 
character and decide whether or not it should be 
included in the CRC calculation. In the SDLC mode, 
there is no 8-bit delay. 
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Enter Hunt Phase [D4] 

Although the MPSCC receiver automatically enters 
the sync hunt phase after a reset, there are other 
times when reentry is appropriate. This may occur 
when synchronization has been lost or, in an SDLC 
mode, to ignore the current incoming message. A one 
in this bit position at any time after initialization 
causes the l\/IPSCC to reenter the hunt phase. 

Auto Enables [D5] 

Setting this bit to one causes the DCD and CTS in- 
puts to act as enable inputs to the receiver and 
transmitter, respectively. 



Parity Even/Odd [Di] 

Programming a zero into this bit when parity is en- 
abled selects odd parity for the received character. 
Conversely, a one in this bit selects even parity 
generation and checking. 

Number of Stop Bits per Sync Mode [D2 - D3] 

This field specifies whether the channel is used in a 
synchronous (SDLC) or an asynchronous mode. In an 
asynchronous mode, this field also specifies the 
number of bit times used as the stop bit length by the 
transmitter. The receiver always checks for one stop 
bit. See table 7. 



Number of Received Bits per Character [De - D7] Sync IMode [D4 ■ D5] 



This field specifies the number of data bits assembled 
to make each character. The value may be changed 
while a character is being assembled and, if the 
change is made before the new number of bits has 
been reached, it affects that character. Otherwise, the 
new specifications take effect on the next character 
received. See table 6. 



Control Register 4 








O7 De 


D5 D4 


D3 D2 


D, 


Do 


Clock Rate 


Sync Mode 


Number 

of Stop Bits 

per Sync Mode 


Parity 
Even/ 
Odd 


Parity 
Enable 



Parity Enabie [Dq] 

Setting this bit to one adds an extra data bit contain- 
ing parity information to each transmitted character. 
Each received character is expected to contain this 
extra bit, and the receiver parity checker is enabled. 



Table 6. 


Received Bits 


per Character 


D7 


De 




Bits per Character 










5 





1 




7 


1 







6 


1 


1 




8 


Table 7. 


Sf op Bits 




Ba 


D2 




Mode 








Synchronous 


modes 





1 


Asynchronous 1 bit time (1 stop bit) 


1 





Asynchronous Vh bit times (1% stop bits) 


1 1 Asynchronous 2 bit times (2 stop bits) 



When the stop bits/sync mode field is programmed 
for synchronous modes (D2, D3 = 00), this field 
specifies the particular synchronous format to be 
used. This field is ignored in an asynchronous mode. 
See table 8. 

Cioclc Rate [De - D7] 

This field specifies the relationship between the 
transmitter and receiver clock inputs (TxC, RxC) and 
the actual data rates at TxD and RxD. When operating 
in a synchronous mode, a 1x clock rate must be 
specified. In asynchronous modes, any of the rates 
may be specified. However, with a 1x clock rate, the 
receiver cannot determine the center of the start bit. 
In this mode, the sampling (rising) edge of RxC must 
be externally synchronized with the data. See table 9. 



Table 8 


. Synchronous Formats 


Sync 

Model 

D5 


Sync 

Mode 2 

D4 


Mode 








8-blt Internal synchronization character 
(monosync) 





1 


16-bit internal synchronization character 
(bisync) 


' 1 





SDLC 


1 


1 


External synchronization (SYNC pin becomes an 
input) 


Table 9 


. Clock Rates 


Clock 

Ratel 

D7 


Clock 

Rate 2 

De 


Clock Rate 








Clock Rate = 1x Data Rate 





1 


Clock Rate = 16x Data Rate 


1 





Clock Rate = 32x Data Rate 


1 1 Clock Rate = 64x Data Rate 
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Control Register 5 



D? 


Db 


Ds 


D* 


D3 


D2 


Dl 


Do 










CRC 




Trans- 




Number of 




Trans- 


Poiy- 




mitter 




Transmitted Bits 


Send 


mitter 


nomiai 




CRC 


DTR 


per Character 


Breal< 


Enabie 


Select 


RTS 


Enabie 



Transmitter CRC Enable [Dq] 

A one or a zero enables or disables (respectively) the 
CRC generator calculation. The enable or disable 
does not take effect until the next character is 
transferred from the transmitter buffer to the shift 
register, thus allowing specific characters to be in- 
cluded or excluded from the CRC calculation. By set- 
ting or resetting this bit just before loading the next 
character, it and subsequent characters are included 
or excluded from the calculation. If this bit is zero 
when the transmitter becomes empty, the MPSCC 
goes to the idle phase regardless of the state of the 
idle/CRC latch. 

RTSID1I 

In synchronous and SDLC modes, setting this bit to 
one causes the RTS pin to go low, while a zero causes 
it to go high. In an asynchronous mode, setting this 
bit to zero causes the RTS pin to go high when the 
transmitter is completely empty. This feature 
facilitates programming the MPSCC for use with asyn- 
chronous modems. 

CRC Polynomial Select [D2] 

This bit selects the polynomial used by the transmitter 
and receiver for CRC generation and checking. A one 
selects the CRC-16 polynomial (XI6 + X15 -1- X2 -1- 1). 
A zero selects the CRC-CCITT polynomial (XI6 + X12 
+ X5 -I- 1). In an SDLC mode CRC-CCITT must be 
selected. Either polynomial may be used in other syn- 
chronous modes. 

Transmitter Enable [D3] 

After a reset, the transmitted data output (TxD) is held 
high (marking) and the transmitter is disabled until 
this bit is set. 

In an asynchronous mode TxD remains high until data 
is loaded for transmission. 

When the transmitter is disabled in an asynchronous 
mode, any character currently being sent is completed 
before TxD returns to the marking state. 

If the transmitter is disabled during the data phase 
in a synchronous mode, the current character is sent. 
TxD then goes high (marking). In an SDLC mode, the 
current character is sent, but the following marking 



line is zero-inserted. That is, the line goes low for one 
bit time out of every five. 

Never disable the transmitter during the SDLC data 
phase unless a reset follows Immediately. In either 
case, any character in the buffer register is held. 

Disabling the transmitter during the CRC phase 
causes the remainder of the CRC character to be bit- 
substituted with the sync (or flag). The total number 
of bits transmitted is correct and TxD goes high after 
they are sent. 

If the transmitter is disabled during the idle phase, the 
remainder of the sync (flag) character is sent. TxD then 
goes high. 

Send Break [D4] 

Setting this bit to one immediately forces the 
transmitter output (TxD) low (spacing). This function 
overrides the normal transmitter output and destroys 
any data being transmitted, although the transmitter 
is still in operation. Resetting this bit releases the 
transmitter output. 

Transmitted Bits per Character [D5 - Del 

This field controls the number of data bits transmitted 
in each character. The number of bits per character 
may be changed by rewriting this field just before the 
first character Is loaded. See table 10. 

Normally each character is sent to the l\/IPSCC right- 
justified and the unused bits are Ignored. However, 
when sending five bits or less, the data should be for- 
matted as shown below to inform the IVIPSCC of the 
precise number of bits to be sent. See table 11. 

Table 10. Transmitted Bits per Character 




Itansmmed 

Bits per 

Character 1 

De 






Itansmitted 

Bits per 

Character 

D5 


Bits par Character 
















5 or iess (see beiow) 











1 




7 


1 













6 


1 1 8 


Table 11. 


Transmitted Bits per Character for 5 
Characters or Less 


D7 Dfi D5 


D* 


D3 


D2 


Dl 


Do 


Number of Bits per Charater 


1 1 1 


1 











Do 


1 


1 1 1 











D1 


Do 


2 


1 1 








D2 


Dl 


Do 


3 


100 





D3 


D2 


Di 


Do 


4 





D4 


D3 


D2 


Dl 


Do 


5 
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DTR [Data Terminal Ready] [D7] 

When this bit is one, the DTR output is low [active]. 
When this bit is zero, DTR is high. 



Control Register 6 








D7 De D5 D4 D3 


D2 


Dl 


Do 


Sync Byte 1 



Sync Byte 1 [Do ■ D7] 

Sync byte 1 is used in the following modes: 

Monosync 8-bit sync character transmitted 
during the idle phase 

Bisync Ijeast significant (first) 8 bits of the 

16-bit transmit and receive sync 
character 

External Sync Sync character transmitted during the 
idle phase 

SDLC Secondary address value matched to 

secondary address field of the SDLC 
frame when the MPSCC is in the ad- 
dress search mode 

Control Register 7 



D? 



06 



Ds 



D4 



D3 



D2 



Do 



Sync Byte 2 



Sync Byte 2 [Do - D7] 

Sync byte 2 is used in the following modes: 

Monosync 8-bit sync character matched by 

the receiver 
Bisync Most significant (second) 8 bits of 

the 16-bit transmit and receive sync 

characters 
SDLC The flag character 01111110 must 

be programmed into control 

register 7 for flag matching by the 

MPSCC receiver 

Status Register O 



D7 


l>6 


B5 


"4 


D3 


D2 


Dl 


Do 
















Rec'd 












Tx 


INT 


Cfiar 


Break/ 


Idle/ 




Sync 




Buffer 


Pend- 


Avail- 


Abort 


CRC 


CTS 


Status 


DCD 


Empty 


ing 


able 



Received Character Available [Do] 

When this bit is set, it indicates that one or more 
characters in the receiver buffer are available for the 
processor to read. Once the processor has read all 



the available characters, the MPSCC resets this bit 
until a new character is received. 

Interrupt Pending [Di - Channel A Only] 

The interrupt pending bit is used with the interrupt 
vector register (status register 2) to make it easier to 
determine the MPSCC's interrupt status. This is 
useful in a nonvectored interrupt mode where the pro- 
cessor must poll each device to determine the inter- 
rupt source. In this mode, interrupt pending is set 
when status register 2B is read, the PRI input is active 
(low), and the MPSCC requests interrupt service. 

It is not necessary to read the status registers of both 
channels to determine if an interrupt is pending. If the 
status affects vector is enabled and the interrupt 
pending is set, the vector read from SR2 contains 
valid condition information. 

In a vectored interrupt mode, interrupt pending is set 
during the interrupt acknowledge cycle (on the 
leading edge of the second INTAK pulse) when the 
MPSCC is the highest priority device requesting in- 
terrupt service (PRI is active). In either mode, if there 
are no other pending interrupt requests, interrupt pen- 
ding is reset when the end of the interrupt command 
is issued. 

Transmitter Buffer Empty [D2] 

This bit is set whenever the transmitter buffer is 
empty — except during the transmission of CRC. The 
MPSCC uses the buffer to facilitate this function. 
After a reset, the buffer is considered empty and 
transmit buffer empty is set. 

External/Status Flags [D3 - D7] 

The following status bits reflect the state of the 
various conditions that cause an external/status inter- 
rupt. The MPSCC latches all external/status bits 
whenever a change occurs that would cause an 
external/status interrupt, regardless of whether this 
interrupt is enabled. This allows transient status 
changes on these lines to be latched more quickly. 

When operating the MPSCC in an interrupt-driven 
mode for external/status interrupts, read status 
register when this interrupt occurs and issue a reset- 
external/status interrupt command to reenable the 
interrupt and the latches. To poll these bits without 
interrupts, issue the reset external/status interrupt 
command to first update the status to reflect the cur- 
rent values. 
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PCD [D3] : This bit refl ects the inv erted state of the 
DCD input. When DCD is low the DCD status bit is 
high. Any transition on this bit causes an external/ 
status interrupt request. 

Sync Status [D4J : The meaning of this bit depends on 
the operating mode of the iViPSCC. 

Asynchronou s mod e: Sync status reflect s the inverted 
state of the SYNC input. When SYNC is low, sync 
status is high. Any transition on this bit causes an 
external/status interrupt request. 

External synchronization mode: Sync status operates 
in the same manner as in asynchronous mode. The 
MPSCC's receiver synchronization logic is also tied 
to the sync status bit in an ext ernal synchronization 
mode. A low-to-high transition (SYNC input going low) 
informs the receiver that synchronization has started 
and character assembly begins. 



A low-to-high transition on the SYNC input indicates 
that synchronization has been lost. The sync status 
becomes zero and an external/status is generated. 
The receiver remains in the receive data phase until 
the enter hunt phase bit in control register 3 is set. 

IVIonosync, bisync, SDLC modes: In these modes, 
sync status indicates whether the IVIPSCC receiver is 
in the sync hunt or receive data phase of operation. 
A zero indicates that the IVIPSCC is in the receive data 
phase, and a one indicates that the IVIPSCC is in the 
sync hunt phase (as in after a reset or when the enter 
sync hunt bit sets to 1). As in the other modes, a tran- 
sition on this bit causes an external/status interrupt. 
Note that entering a sync hunt phase (when pro- 
grammed) or a reset causes an external/status inter- 
rupt request which may be cleared immediately with 
a reset external/status interrupt command. 

GTS [D5] : This bit refl ects the inv erted state of the 
CTS input. When CTS is low, the CTS status bit is 
high. Any transition on this bit causes an external/ 
status interrupt request. 

Idle/CRC [Del [Tx Underrun/EOM] : This bit indicates 
the state of the Idle/CRC latch used in the syn- 
chronous and SDLC modes. After a hardware reset, 
this bit is set to one, indicating that the transmitter 
is completely empty. When the MPSCC enters idle 
phase, it automatically transmits sync or flag 
characters. 

In the SDLC mode, the IVIPSCC automatically resets 
this latch after the first byte of a frame is written to 
the Tx buffer. 



When the transmitter is completely empty, the 
MPSCC sends the 16-bit CRC character and sets the 
latch again. An external/status interrupt is issued 
when the latch is set, indicating that CRC is being 
sent. No interrupt is issued when the latch is reset. 

Break/Abort [D7] : In the asynchronous mode, this bit 
indicates the detection of a break sequence (a null 
character plus framing error that occurs when the RxD 
input is held low, spacing, for more than one 
character time). Break/abort is reset when RxD returns 
high (marking). 

In the SDLC mode, break/abort indicates the detec- 
tion of an abort sequence when seven or more ones 
are received in sequence. It Is reset when a zero is 
received. 

Any transition of the break/abort bit causes an exter- 
nal/status interrupt. 

Status Register 1 



D? 


Dfi 


D5 


D4 


D3 


D2 


Dl 


Do 


End of 
SDLC 
Frame 


CRC 

Framing 

Error 


Over- 
run 
Error 


Parity 
Error 


SDLC Residue Code 


All 
Sent 



All Sent [Do] 

This bit is set when the transmitter is empty and reset 
when a character is present in the transmitter buffer 
or shjft register. This feature simplifies the mode con- 
trol software routines. In the bit synchronous mode, 
this bit sets when the ending flag pattern Is sent. 

SDLC Residue Code [Di - D3] 

Since the data portion of an SDLC message can con- 
sist of any number of bits and not necessarily an 
integral number of characters, the IVIPSCC has special 
logic to determine and report when the end of frame 
flag has been received (that is, the boundary between 
the data field and the CRC character in the last few 
data characters that were just read). 

When the end of frame condition is indicated (D7 of 
status register 1 = 1) and there is a special receive 
condition interrupt (if enabled), the last bits of the 
CRC character are in the receiver buffer. The residue 
code for the frame is valid in the status register 1 byte 
associated with that data character. (SRI tracks the 
received data in its own buffer). 

The meaning of the residue code depends upon the 
number of bits per character specified for the receiver. 
The previous character refers to the last character 
read before the end of frame, and so on. See table 12. 
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Table 12. 


Residue Codes 




8 Bits per Character 


D3 


l»2 


Dl 


Previous 
Character 


and Previous 
Character 


1 








cccccccc 


CCCCCDDD 





1 





cccccccc 


C C C C D D D D ■• 


1 


1 





cccccccc 


CCCDD DDD 








1 


cccccccc 


CCDDDDDD 


1 





1 


cccccccc 


CDDDDDDD 





1 


1 


cccccccc* 


DDDDDDDD* 


1 


1 


1 


CCCCCCCD 


DDDDDDDD 











CCCCCCDD 


DDDDDDDD 


7 Bits per Ciiaracter 


D3 


D2 


Bl 


Previeus 
Character 


2nd Previous 
Character 


1 








C C C C C C C 


C C C C C D D 





1 





CCCCCCC 


CC CCDDD 


1 


1 





CCCCCCC 


C C C D D D D 








1 


CCCCCCC 


CCDDDDD 


1 





1 


CCCCCCC 


CDDDDDD 





1 


1 


CCCCCCC* 


D D D D D D D* 











CCCCCCD 


D D D D D D D 


6 Bits per Ciiaracter 


D3 


D2 


Dl 


Previous 
Character 


2nd Previous 


1 








CCCCCC 


CC CCC D 





1 





CCCCCC 


CCCCCD 


1 


1 





CCCCCC 


C C C D D D 








1 


CCCCCC 


CC DDDD 


1 





1 


CCCCCC 


C D D D D D 











CCCCCC 


DDODDD 


5 Bits per Ciiaracter 


D3 


D2 


Dl 


Previous 
Character 


2nd Previous 


1 








c c c c c* 


D D D D D* 





1 


■ 


CCCCD 


D D D D D 


1 


1 





CCCDD 


DDDDD 








1 


CCDDD 


D D D D D 











CDDDD 


DDDDD 



Notes: C = 

D = 



CRC bit 
Valid data 
No residue 



Special Receive Condition Flags 

The status bits described below— parity error (if parity 
as a special receive condition is enabled), receiver 
overrun error, CRC/framing error, and end of SDLC 
frame— all represent special receive conditions. 



Wlien any of these conditions occur and interrupts 
are enabled, the MPSCC issues an interrupt request. 
In addition, If a condition affect vector mode is en- 
abled, the vector generated (and the contents of SR2B 
for nonvectored interrupts) is different from that of a 
received character available condition. Therefore, it 
is not necessary to analyze SR1 with each character 
to determine if an error has occurred. 

Also, the parity error and receiver overrun error flags 
are latched. That is, once one of these errors occurs, 
the flag remains set for all subsequent characters 
until reset by the error reset command. Therefore read 
SR1 only at the end of a message to determine if 
either of these errors occurred anywhere in the 
message. The other flags are not latched and follow 
each character available in the receiver buffer. 

Parity Error [D4] : This bit Is set and latched when 
parity is enabled and the received parity bit does not 
match the sense (odd or even) calculated from the 
data bits. 

Receiver Overrun Error [D5] : This error occurs and is 
latched when the receiver buffer already contains 
three characters and a fourth character is completely 
received, overwriting the last character in the buffer. 

CRC/Framing Error [Del : In the asynchronous mode 
a framing error is flagged (but not latched) when no 
stop bit is detected at the end of a character (RxD is 
low one bit time after the center of the last data or 
parity bit). When this condition occurs, the MPSCC 
waits an additional one-half bit time before sampling 
again so that the framing error is not interpreted as 
a new start bit. 

In the synchronous and SDLC modes, this bit indi- 
cates the result of the comparison between the cur- 
rent CRC result and the appropriate check value. It 
is usually set to one, since a message rarely indicates 
a correct CRC result until correctly completed with 
the CRC check character. Note that a CRC error does 
not result in a special receive condition interrupt. 

End of SDLC Frame [EOF] [D7] : This status bit is used 
only in ttie bit synchronous mode to indicate that the 
end of frame flag has been received and that the CRC 
error flag and residue code are valid. This flag can be 
reset at any time by issuing an error reset command. 
The IVIPSCC also automatically resets this bit when 
the first character of the next message is sent. 
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Status Register 2B 








D7 Dg D5 D^ D3 


D2 


Dl 


Do 


Interrupt Vector 



Table 13. Condition Affects Vector Modifications 

Interrupt 

Pending 8085 Modes D4 D3 D2 

(SRO, D, 



Interrupt Vector [Dq - D7 - Channel B Only] 

Reading status register 2B returns the interrupt vector 
that is programmed into control register 2B. If a con- 
dition affects vector mode is enabled, the value of the 
vector is modified as shown in table 13. 

Code 111 can mean either channel A special receive 
condition or no interrupt pending. Examine the inter- 
rupt pending bit (D-i of status register 0, channel A), 
to distinguish which it means. In a nonvectored inter- 
rupt mode, the vector register must be read first for 
the interrupt pending to be valid. 



Channel A) 8086 Modes D2 


Dl 


Dg Condition 


1 


1 


1 No interrupt pending 


1 





Channel B transmitter 
buffer empty 


1 





1 Channel B external/status 
Change 


1 


1 


Channel B received 
character available 


1 


1 


1 Channel B special receive 
condition 


1 1 





Channel A transmitter 
buffer empty 


1 1 





1 Channel A external/status 
change 


1 110 Channel A received 
Character available 


1 111 Channel A special receive 
condition 



Status Register Bit Functions (Slieet 1 of 2) 



Control Register 



Control Register 2 (Channel B) 



D7 



°7 



Register 
Register 1 
Register 2 
Register 3 
Register 4 
Register 5 
Register 6 
Register 7 



Pointer for 
the Selection of 
a Read/Write 
Register 



D4 



D, 



Interrupt 
Vector 



Null Code 

Send Abort (SDLC) 

Reset EXT/Status Interrupts 

Cfiannei Reset 

Enable INT on Next Rx Character 

Reset Tx INT/DMA Pending 

Error Reset 

End of Interrupt (EOl — Channel A only) 



Control Register 2 (Channel A) 



D7 



Null Code 

Reset Rx CRC Checker 
Reset Tx CRC Generator 
Reset Tx Underrun/EOM Latch 



Control Register 1 



Dj 



0, 



- EXT INT Enable 

- Tx INT Enable 

- Status Affects Vector 
(Channel B only) 



0, 



D, 



Both Channels Interrupt 

1 Channel A DMA; Channel B INT 

1 Both Channels DMA- Internal Priority Mode 
1 1 Both Channels DM A- External Priority Mode 

- Priority RxA > TxA > RxB > TxB 
1 Priority RxA > RxB > TxA > TxB 

8085 Master Mode 
8085 Slave Mode 
8086/88 Mode 
808S/8259A Slave Mode 



- Interrupt Vectored/Nonvectored 
Receive Interrupt Mask 



RTSBPinIO 
SYNCB Pin 10 



Rx INT and DMA Disable 

1 Rx INT on First Character 

1 INT on All Rx Characters 

(Parity Affects Vector) 
1 1 INT on All Rx Characters 

(Parity Does Not Affect 
Vector) 

- Wait on Receiver/Transmitter 

- Tx Byte Count Enable 

- Wait Enable 



OR Interrupt on 
Special Receive 
Condition 



Control Register 3 



o. 



- Rx Enable 

- Sync Character Load Inhibit 

- Address Search Mode (SDLC) 

- Rx CRC Enable 

- Enter Hunt Phase 

- Auto Enables 



Rx5 Bits/Character 
Rx7 Bits/Character 
Rx6 Bits/Character 
Rx8 Bits/Character 
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Status Register Bit Functions (Sheet 2 of 2) 



Control Register 4 



Status Register 1 



0, 



n 



Parity Enable 

Parity = Odd 

1 Parity = Even 



Sync Modes Enable 

1 1 Stop Bit/Character 

1 1V^ Stop Bits/Character 
1 1 2 Stop Bits/Cliaracter 

8-bit Sync Character 

1 16-bit Sync Character 

1 SDLC Mode (Oil 11110 Flag) 
1 1 External Sync Mode 

XICIocltMode 
X16 Clock Mode 
X32 Cloclc Mode 
X64 Ciocit Mode 



Control Register 5 



Dr 



O4 



L 



AM Sent — Used with External/Status 
interrupt Mode 





l-Field 




l-Fieid 


Bits In 




Bits in 


Second 




Previous 


Previous 




Byte 


Byte 







3 ■> 







4 







5 


Residue Data for 





6 


I Eight Rx Bits per 





7 


Character 





8 


Programmed 



Tx5 Bits (or Less)/Character 
Tx7 Bits/Character 
Tx6 Bits/Character 
Tx8 Bits/Character 



-TxCRC Enable 
-RTS 

-CRC-16/CRC-CCiTT 
-Tx Enable 
- Send Break 



Status Register 2B 



D7 



Control Register 6 



D4 



D7 



0, 



Control Register 7 



D7 



D« 



D4 



-Sync Bit ^ 
-Sync Bit 1 

- Sync Bit 2 

- Sync Bit 3 

- Sync Bit 4 
-Sync Bit 5 

- Sync Bit 6 

- Sync Bit 7 J 



-Sync Bit 8 
-Sync Bit 9 



Also SDLC 
Address Field 



Note: 

[1] Used with special receive condition mode. 

[2] Variable if Status Affects Vector is programmed. 



Status Register 3 

(Tx Byte Count Register) 



- Sync Bit 10 
-Sync Bit 11 s. [1] 

- Sync Bit 12 '^ 
-Sync Bit 13 
-Sync Bit 14 



Status Register 4 

(Tx Byte Count Register) 



Sync Bit IS J 

Note: 

[1] ForSDLCit must be programmed to 01111110 forliag recognition. 

Status Register 



I>7 



D, 



- Rx Character Available 

- INT Pending (Channel A Only) 

■ Tx Buffer Empty 
DCD ^ 

-Sync/Hunt Used with 

■ CTS > External/Status 

' Tx Underrun/EOM Interrupt Mode 
' Break/Abort J 



■ Parity Error ^ 

- Rx Overrun Error L m 

- CRC/FramIng Error f ' ' 
-End of Frame (SDLC) J 



- V0(2] 

■ VI [2] 

■ V2[21 
V3[21 
V412] 

■ V5 
V6 

■ V7 



-BitO 
-Biti 
-Bit 2 
-Bit 3 
-Bit 4 
-Bits 
-Bite 
-Bit 7 



Low 
Byte 



-Bits 
-Bits 
-Bit 10 
-BItll 
-Bit 12 
-Bit 13 
-Bit 14 
-Bit IS 



High 
Byte 
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//PD72001 

CMOS MULTIPROTOCOL 

SERIAL COMMUNICATIONS 

CONTROLLER 



Description 

The yuPD72001 is an advanced multiprotocol serial 
controller (AMPSC) designed to meet a wide variety of 
communications needs. This 40-pin device contains 
two independent full-duplex channels which can be 
configured to transmit and receive data in either 
asynchronous character-oriented (BISYNC) or bit- 
oriented (SDLC/HDLC) protocols, including CRC 
generation and checking-in synchronous modes. 

The AMPSC can handle several modes of interrupt 
operation including vectored and non-vectored modes. 
Separate DMA requests are available for the transmit- 
terand receiveron each channel, allowing operation at 
speeds up to 1.6 Mb/s in synchronous modes. The 
AMPSC is easily interfaced to most microprocessors 
with a minimum of logic. 

The AMPSC is an upgraded CMOS version of the 
/UPD7201A, adding internal baud rate generators, a 
digital phase lock loop (DPLL), and a crystal oscillator. 
The //PD72001 also adds the capability of SDLC loop 
operation. These added features further simplify the 
design requirements while maintaining the flexible 
architecture of the /yPD7201 A. 

Features 

n Upgraded version of the/uPD7201A 
D Multiprotocol: 

— Asynchronous, character-oriented (BISYNC) 

— Bit-oriented (SDLC/HDLC) 

D Two independent full-duplex channels 
D Versatile host-system interface: 

— Software polling 

— Wait 

— Interrupt 

— DMA 

a DC to 1 .6-Mb/s data rate 

D Modem control signals 

□ NRZ, NRZI, and FM encoding/decoding 

D Digital phase lock loop 

D Two baud rate generators per channel (receive 

and transmit) 
D Crystal oscillator 
D Test loop mode 
D SDLC loop mode 
D Mark idle detection 
D Short frame detection 
D Single +5 V power supply 
D CMOS technology 



Ordering Information 


Part No. 


Package Type 


/iPD72001C 


40-pin plastic DIP 


//PD72001L 


44-pin PLCC (Available 4Q86) 



Pin Configuration 



DCDA C 1 ^ 


^ 40 


3 CTSA 




D7C 

Dec 


2 
3 


39 
38 


3 RxDA 




J XHA/STRxCA 


DsC 


4 


37 


J XI2A/SYNCA 




D4L 


5 


36 


3 TRxCA 




D3C 


6 


35 


3 TxDA 




DaC 


7 


34 


J RTSA 




DiC 


8 


33 


3 DRQRxA 




DoC 


9 5 32 


3 RESET 




GND C 


10 R 31 


3 CLK 




WR C 11 S 30 


DVcc 




rdC 


12 


29 


3 DRQTxA 




c/dC 


13 


28 


3 DTRA/DRQTxB 




B/A L 


14 


27 


J DTRB/DRQRxB 




PROC 


15 


26 


3 RTSB 




PRlC 


16 


25 


3 TxDB 




INTAK C 


17 


24 


3 XI2B/SYNCB 




JNT C 


18 


23 


H XIIB/STRxCB 




CTSB C 19 


22 


H RxDB 




DCDBL 20 


21 


J TRxCB 


83-002773A 












Pin 


Identification 


No. 


Symbol 


Function 


1 


DCDA 


Data carrier detect Input for 
channel A 


2-9 


D7-D0 


System data bus 


10 


GND 


System ground 


11 


WR 


Write control input from host 
computer 


12 


RD 


Read control input from host 
computer 


13 


C/D 


Control/data input select from host 
computer 


14 


B/A 


Channel B or channel A select input 
from host computer 


15 


PRO 


Priority output, interrupt daisy chain 
control 


16 


PRi 


Priority input, interrupt daisy chain 
control 


17 


INTAK 


Interrupt acknowledge input from 
host computer 


18 


INT 


Interrupt request output to host 
computer 
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Pin Identification (cont) 


No. Symbol 


Function 


19 CTSB 


Clear to send input for ciiannel B 


20 DCDB 


Data carrier detect input for 
ciiannel B 


21 TRxCB 


Transmit/receive clocl< input/output 
for channel B 


22 RxDB 


Receive data input for ciiannel B 



23 
24 



XIIB/ STRxCB 
XI2B/SYNCB 



Crystal inputs for channel B; or 
synchronization and source of 
transmit/receive clock for channel 
B. Function depends on control 
register 15. 



25 


TxDB 


Transmit data output for channel B 


26 


RTSB 


Request to send output for channel B 


27 


DTRB/ 
DRQRxB 


Data terminal ready output for 
channel B or DMA request output for 
receive channel B; determined by 
control register 2A. 


28 


DTRA/ 
DRQTxB 


Data terminal ready output for 
channel A or DMA request output for 
transmit channel B; determined by 
control register 2A. 



No. 


Symbol 


Function 


29 


DRQTxA 


DMA request for transmit channel A. 


30 


Vcc 


+5 V (typical) 


31 


CLK 


System clock input from host 
computer 


32 


RESET 


System reset input from host 
computer 


33 


DRQRxA 


DMA request output for receive 
channel A 


34 


RTSA 


Request-to-send output for channel A 


35 


TxDA 


Transmit data output for channel A 


36 


TRxCA 


Transmit/receive clock input for 
channel A 



XI2A/SYNCA 



XIIA/STRxCA 



Crystal inputs for channel A; or 
synchronization input and source of 
transmit/receive clock for channel 
A. Functions depend on control 
register 15. 



RxDA 



Receive data input for channel A 



CTSA 



Clear-to-send input for channel A 



Biocic Diagram 



INT 

INTAK 

PRi 

PRO 





Interrupt 
Control 
Logic 











RD 
WR 

c/p 

B/A 



^ 



°0-D7 <^ 



Processor 

Bus 
Interface 



C/S 
Register 



/\ 



c 



V 



DRQ TxA, B ♦■ 



DMA 
Control 
Logic 



C/S 
Register 



^ 



IV 

CI 



Tx/Rx 
Control 



c 



^t 



-[ 



CLK 
OSCA 



\7 






<y TxLC B 



Tx/Rx 
Control 



c 



^ 



CTSA DC DA 
DTRA RTSA 



RxDA 
TxDA 



iZl 



n 



XTALA/RTxCA 



XTALA/SYNCA 



H 



CLK 
OSCB 



> 



in. 



CTSB DCDB 
DTRB RT^ 



XTALB/RTxCB 
XTALB/SYNCB 
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//PD72105 

OMNINET LOCAL AREA 

NETWORK CONTROLLER 



Description 

The ^fPD72105 provides local area network (LAN) 
communications Implementing the OMNINET® I and II 
protocols in a single CMOS 48-pin DIP. The device can 
transmit data at a rate of up to 4 Mb/s using RS-422 bus 
transmitters and receivers. The controller responds to 
17 OMNINET commands using the on-chip GPU. 

The chip also contains a DMA controller with four in- 
dependent channels for use with an 8- or 16-bit data 
bus, and can address a 16M-byte address space. The 
transmit section contains a 12-byte FIFO and the 
receiver contains a 20-byte FIFO to accommodate the 
high data rate. The OMNINET controller provides 
network diagnostics capability as well as ORG gen- 
eration and checking using a 16- or 32-bit ORG for data 
reliability. 

The//PD72105 provides a single chip solution to LAN 
implementation. The excellent memory addressing 
and data handling capability of this controller can 
significantly reduce the overhead on the system GPU. 
OMNINET is a registered trademark of Corvus Systems. 

Features 

D Fully implements OMNINET I and II protocols 

D Data rates up to 4 Mbps 

D 17 OMNINET commands 

D On-chip GPU 

D On-chip DMAG with four independent channels 

D 8-or16-bltdata bus 

D 16M-byte (224) address space for dual-ported local 

or global memory 
D 12-byte transmitter FIFO 
D 20-byte receiver FIFO 
D 16- or 32-bit ORG 
D On-chip 40-MHz DPLL 
D Network diagnostics 
D 8-MI-lz system clock input, independent of serial 

clock 
D GMOS technology 



Pin Configuration 



Ordering information 


Part No. 


Package Type 


A/PD72105C 


48-pin plastic DIP 


//PD72105L 


52-pin PLCC (Available 4Q86) 



CROC 

RxC C 2 

RxDH 3 

tIcH 4 

TxDC 5 

TxENC 6 

RESET C 7 

LEDC 8 

B/WC 9 

TEST C 10 

CLK C 11 

GNDC 12 

A23/D7II 13 

A22/D6C 14 

A2l/Dsll 15 

A20/D4 C 16 

A19/D3C 17 

A18/D2C 18 

A17/D1C 19 

A16/D0C 20 

AD15 C 21 

AD14 C 22 

AD13C 23 

AD12C 24 



46 3 

45 3 

44 II 

43 D 

42 3 

41 3 

40 D 

39 H 

38 H 

37 3 

36 3 
35.11 

34 3 

33 3 

32 3 

31 D 

30 3 

29 3 

28 3 

27 3 

26 3 

25 3 



AEN 

ASTB 

READY 

HLDAK 

HLDRQ 

CLRINT 

INT 

UBE 

WR 

RD 

CS 

Ao 

Vdd 

A1 

A2 

A3 

A4 

As 

As 

A7 

ADs 

AD9 

AD10 

AD11 



Pin Identification 


No. 


Symbol 


Function 


1 


CRQ 


Command request input 


2 


RxC 


Receive clock input 


3 


RxD 


Receive data Input 


4 


TxC 


Transmit clock input/output 


5 


TxD 


Transmit data output 


6 


TxEN 


Transmit enable output 


7 


RESET 


System reset from host computer 


8 


LED 


LED drive output, general purpose 
output 


9 


"B/W 


Byte/word mode select input 


10 


TEST 


Test input, must be held high for 
normal operation 


11 


CLK 


System clock input 


12 


GND 


System ground 


13-20 


A23/D7 to 
A16/D0 


Multiplexed address bits 16-23 and 
data bus bits 0-7. These signals are 
bidirectional. 


21-28 


AD15/AD8 


Multiplexed address bits 8-15 and 
data bus bits 8-15. These signals are 
bidirectional. 


29-35 


A7-A1 


Address bits 1 to 7; bit 1 is an 
input/output, bits 2-7 are output 
only. 
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Pin 


Identification (cont) 


No. 


Symbol 


Function 


36 


Vdd 


+5 V (typical) 


37 


Ao 


Address bit 0, input/output 


38 


cs 


Chip select input from host 
computer; input 


39 


RD 


Read control signal from host 
computer; input 


40 


WR 


Write control signal from host 
computer; input 


41 


UBE 


Upper byte enable input/output 


42 


INT 


Interrupt request output 


43 


CLRINT 


Clear interrupt request input 


44 


HLDRQ 


Hold request output 


45 


HLDAK 


Hold acknowledge input 


46 


READY 


Ready input 


47 


ASTB 


Address strobe output 


48 


AEN 


Address enable output 



Blocic Diagram 























A16-A23/D0-D7 ^ y 
AD8-AD15 <(' \ 


Bus 
Interface 


A 




K 


Transmitter 
Receiver 


On-ChIp CPU 






1 






TxFIFO 




-, ► TxC 




/\ 




^\ 




ir 






AS IB * 





Internal Bus 

fr 


-^ 














1 1 


DMAC 




RxFIFO 










83-002776B 












X\ 


Vdd * 






GND •■ 
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//PD7210 

INTELLIGENT GPIB 

CONTROLLER 



Description 

The/iPD7210 is an intelligent, general purpose inter- 
face bus (GPIB) controller designed to meet all of the 
functional requirementsfortalker, listener, and control- 
ler (TLC) as specified by IEEE Standard 488-1978. 
Connected between a processor bus and the GPIB, the 
controller provides high-level management of the GPIB 
to unburden the processor and to simplify both hard- 
v/are and software design. The yuPD7210 is fully 
compatible with most processor architectures and 
requires only the addition of bus driver/receiver 
components to implement any type of GPIB. 

Features 

D All-functional interface capability meeting IEEE 

Standard 488-1978 

—SHI (source handshake) 

— AH1 (acceptor handshake) 

— L3 or LE3 (listener or extended listener) 

— T5 or TE5 (talker or extended talker) 

—SRI (service request) 

— RL1 (remote local) 

— PP1 or PP2 (parallel poll, remote or local 
configuration) 

— DG1 (device clear) 

—DTI (device trigger) 

—CI -05 (controller, all functions) 
D Programmable data transfer rate 
D 16 MPU accessible registers: 8 read and 8 write 
D 2 address registers 

—Detection of MTA, MLA, MSA (my talk/my 
listen/my secondary addresses) 

— 2 device addresses 
D EOS message automatic detection 
D Command (IEEE Standard 488-1978) automatic 

processing and undefined command read 

capability 
D DMA capability 
D Programmable bus transceiver I/O specification 

(works with T.I./Motorola/lntel) 
D 1-MHz to 8-MHz clock range 
D TTL-compatible 
D NMOS 

D +5 V single power supply 
n 8080/85/86-compatible 



Pin Configuration 



Ordering Information 



T/RiC 


1 V. 


>* 40 


3Vcc 




T/R2C 


2 


39 


DEOi 




CLKC 


3 


38 


DNDAC 




RESET C 


4 


37 


DNRFD 




T/RaC 


5 


36 


DDAV 




DRQC 6 


35 


3Di08 




DACKC 


7 


34 


DBIO7 




CSC 8 


33 


DBiOe 




RDC 9 


= 32 


iBiOs 




WRC 


10 S 31 


3DI04 




INTC 


11 "^ 30 


DDiOa 




DoC 


12 


29 


3 DI02 




DlC 


13 


28 


DDI01 




D2C 


14 


27 


DSRQ 




D3C 


15 


26 


DATN 




D4C 


16 


25 


DREfi 




D5C 


17 


24 


DIFC 




DeC 


18 


23 


DRS2 




D7C 


19 


22 


DRSi 




GND C 


20 


21 


URSo 


83-003368A 











Part Number 

/iPD7210C 



Package Type 

40-pin plastic DIP 



Max Frequency 
of Operation 

8 MHz 



Pin 


dentific 


ation 


No. 


Symbol 


Function 


1,2,5 


T/R1-T/R3 


Transmit/receive control outputs 


3 


CLK 


Clock Input 


4 


RESET 


Reset input 


6 


DRQ 


DMA request output 


7 


DACK 


DMA acknowledge input 


8 


CS 


Chip select input 


9 


RD 


Read input 


10 


WR 


Write input 


11 


INT 


Interrupt request output 


12-19 


D0-D7 


Bidirectional data bus 


20 


GND 


Ground 


21-23 


RS0-RS2 


Register select input 


24 


IPC 


Interface clear I/O 


25 


REN 


Remote enable I/O 


26 


ATN 


Attention control line I/O 


27 


SRQ 


Service request I/O 


28-35 


DiOi-Di08 


8-bit bidirectional data bus 


36 


DAV 


Data valid I/O 


37 


NRFD 


Ready for data I/O 


38 


NDAC 


Data accepted I/O 


39 


Eoi 


End or identify I/O 


40 


Vcc 


+5 V power supply 
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Pin Functions 

T/R1-T/R3 [Transmit/Receive Control] 

This is tine input/output control signal for the GPIB 
transceivers. The values of TRM1 and TRMO of the 
address mode register determine the functions of T/R2 
and T/R3. 

CLK [Clock] 

This 1-MHz to 8-MHz reference clock generates the 
state change prohibit times Ti , Tq, T7, and Tg specified 
in IEEE Standard 488-1978. 

RESET 

When high, the RESET signal places they[/PD7210 in an 
idle state. 

DRQ [DMA Request] 

DRQ b ecome s low on input of the DMA acknowledge 
signal DACK. 



DACK [DMA Acknowledge] 

This signal connects the computer system data bus to 
the data register of the //PD7210. 

CS [Chip Select] 

The chip select input enables access to the register 
selected by the read or write operation (RS0-RS2). 

RD [Read] 

The read input places the contents of the read register 
specified by RS0-RS2 on the computer bus (D0-D7). 

WR [Write] 

This input writes data on D0-D7 into the write register 
specified by RS0-RS2. 

INT, INT [Interrupt Request] 

This output is active high/low. It becomes active due to 
any one of 13 internal interrupt factors (unmasked). Its 
active state is software configurable, and it is active 
high on chip reset. 

D0-D7 [Data Bus] 

The 8-bit bidirectional data bus interfaces to the 
computer system. 

GND [Ground] 

This is the ground. 



RS0-RS2 [Register Select] 

These lines select one of eight read (write) registers 
during a read (write) operation. 

IFC [Interface Clear] 

This bidirectional control line is used for clearing the 
interface functions. 

REN [Remote Enable] 

This bidirectional control line is used to select remote 
or local control of the devices. 

ATN [Attention] 

This bi dire ctional control line indicates whether data 
on the DIO lines is an interface message or a device- 
dependent message. 

SRQ [Service Request] 

This bidirectional control line is used to request service 
from the controller. 

dIOi-dTOs [Data Input/Output] 

This 8-bit bidirectional bus transfers messages on the 
GPIB. 



DAV [Data Valid] 

This handshake line indicates that data on the dTO 
line is valid. 



NRFD [Ready for Data] 

This handshake line indicates that the device is ready 
for data. 



NDAC [Data Accepted] 

This handshake line indicates the completion of 
message reception. 

EOl [End or Identify] 

This control line is used to indicate the end of a 
multiple byte transfer sequ ence or to execute parallel 
polling in conjunction with ATN. 

Vcc [Power Supply] 

+5 V power supply. 
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Block Diagram 



Dz-Do A 



CS 

RS2-RS0 I 

RD 

WR 

DRQ 

Back 



IT 



Registers 



C 



»■ 




*■ 


Read/ 
Write 
Control 


»• 




^~ 




»■ 





c 



Command Pass 
Through 



C 







Byte-Out 



Address Status 



y 



^ 



Address Mode 



« 



End-of-String 



) Interrupt Mask 1/2 



Interrupt Status 1/2 



(^ 






V 



1 



^ 



y — N 

Si — Aj 



Internal 
Counter 



^ 



Auxiliary 

Command 

Decoder 



2L 



Message 
Decoder 



o 

Interface 
Functions 



^ 



I DIOs-DIOi 



> 



E 



> t;r3-t/Ri 
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Absolute Maximum Ratings 

Ta = +25°C 



AC Characteristics 

Ta = to +70°C; Vcc = 5 V ±1 0% 



Supply voltage, Vcc 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to +7.0 V 


Output voltage, Vq 


-0.5 to +7.0 V 


Operating temperature, Tqpr 


0to+70°C 


Storage temperature, Tstg 


-65to+150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 

Ta = to +70 °C; Vcc = 5 V ±10% 





Symbol 




Limits 




Test 


Parameter ! 


Min 


Typ 


Max 


Unit Conditions 


Input low 
voltage 


V|L 


-0.5 




+0.8 


V 


Input high 
voltage 


V|H 


+2.0 




Vcc 

+0.5 


V 


Low-level output 
voltage 


Vol 






+0.45 


V loL = 2mA 
(4mA:T/Ri pin) 


High-level 
output voltage 
(except INT) 


Vqhi 


+2.4 






V Ioh = -400a/A 


High-level 
output voltage 
(INT) 


V0H2 


+2.4 
+3.5 






V loH = -400M 
IOH = -50//A 


Input leakage 
current 


l|L 


-10 




+10 


A/A V| = OVtoVcc 


Output leakage 
current 


lOL 


-10 




+10 


//A Vo = 0.45Vto 

Vcc 


Supply current 


Ice 






+180 


mA 


Capacitance 

Ta = +25°C;Vcc = GND 


= 0V 










Symbi 




Limits 


Test 


Parameter 


si Min Typ Max 


Unit Conditions 


Input capacitance 


C||\l 






10 


pF f = 1MHz 


Output capacitance Cqut 






15 


pF All pins except 
pin under test 
tied to ac 
ground. 


I/O capacitance 


Cj/O 






20 


pF 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Typ Max 


Conditions 


EOll -*DiO 


tEODI 


250 


ns 


PPSS -* PPAS, 
ATN = true 


EOii ^T/Rit 


tEOTH 


155 


ns 


PPSS -* PPAS, 
ATN = true 


EOlt -^T/Rii 


tE0T12 


200 


ns 


PPAS -* PPSS, 
ATN = false 


ATN; -^NDACi 


tATND 


155 


ns 


AIDS -^ ANRS, 
LIDS 


ATNi ^T/Ril 


tATTI 


155 


ns 


TACS + SPAS 

^ TADS, cms 


ATNi ^T/R2i 


tATT2 


200 


ns 


TACS + SPAS 

^ TADS, cms 


DAVl -* DRQ 


tOVRQ 


600 


ns 


ACRS^ 
ACDS, LACS 


DAVI -*NRFDt 


toVNRI 


350 


ns 


ACRS -* ACDS 


DAVi ^NDACT 


toVNDI 


650 


ns 


ACRS -* ACDS 
^AWNS 


DAVT ^NDACi 


tDVND2 


350 


ns 


AWNS-^ 
ANRS 


DAVT -* NRFDT 


tDVNR2 


350 


ns 


AWNS^ 
ANRS ^ ACRS 


RDi -* NRFDT 


tRNR 


500 


ns 


ANRS -* ACRS 
LACS, Dl 
register 
selected 


NDACT -* DRQT 


tNDRQ 


400 


ns 


STRS^ 
SWNS-^ 
SGNS, TACS 


NDACT -* DAVT 


*NDDV 


350 


ns 


STRS-^ 
SWNS-* 
SGNS 


WRt -^DiO 


tWDI 


250 


ns 


SGNS^ 
SDYS, BO 
register 
selected 


NRFDT -* DAVi 


tNRDV 


350 


ns 


SDYS -* STRS, 
Ti = true 



WRt ^DAVi twDV 



830 + 


ns SGNS-* SDYS 


tSYNC 


-* STRS; BO 




register 




selected; RFD = 




true; NF = fc = 




8 MHz; Ti (high 




speed) 



TRIG pulse width tjRiG 50 
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AC Characteristics (cent) 



DMA Read 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


Typ IVIax 


Conditions 


Address setup 


tAR 


85 




ns 


RSo to RS2 


toRD 







ns 


CS 


Address hold 
from RD 


tRA 







ns 




RD pulse width 


tRR 


170 




ns 




Data delay from 
address 


tAD 




250 


ns 




Data delay from 
RDi 


tRD 




150 


ns 




Output float delay 
from RDt 


tDF 





80 


ns 




RD recovery time 


tRV 


250 




ns 




Address setup to 
WR 


tAW 







ns 




Address hold from 
WR 


tWA 


a 




ns 




WR pulse width 


tww 


170 




ns 




Data setup to WR 


tow 


150 




ns 




Data hold from WR 


tWD 







ns 




WR recovery time 


tRV 


250 




ns 




DRQi delay from 
selected DACK 


tAKRQ 




130 


ns 




Data delay from 
DACK 


tAKD 




200 


ns 




DACK hold time 
fromWRt 


tOH 


200 




ns 





Timing Waveforms 

Test Waveform 



2.4 










V-- 




-^\ 


r~ 




X 


^ Test Points Z^ 


A 


Cl = 150 pF 




/Vo.s-' 




-~^o.e/^ 


\ 


0.45 


/ \ 




/ 


\ 








• - '10, i:.!' 



CS, RS2-RS0 



~x 



K 



77777p777777777777\/ \.rT777T77T77T/ 

D7-D0 '//// // High Impedance' i Valid > High Impedance' 
///A///////////// 7\ f\/l///i/i//i,/ 



■^-tAKRC 

J \ 



t V 



DMA Write 



DRQ 

DACK 

WR 












/ 


\ 






A 




*-tDH-*l 




V. 


83-003371A 



CPU Write 



'Ji 



K 



-tAW-H K'WA* 

-tww 



D7-D0 



-tRV- 
-IDW— ^ U H-tWD 



A A 




-j'^:^ 
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History 

The IEEE Standard 488 describes a "Standard Digital 
Interface for Programmable Instrumentation" which, 
since its introduction in 1975, has become the most 
popular means of interconnecting instruments and 
controllers in laboratory, automatic test, and even 
industrial applications. Refined over several years, the 
488-1 978 Standard, also known as the General Purpose 
Interface Bus (GPIB), is a highly sophisticated standard 
providing a high degree of flexibility to meet virtually 
all instrumentation requirements. The//PD7210 imple- 
ments all of the functions that are required to interface 
to the GPIB. While it is beyond the scope of this 
document to provide a complete explanation of the 
IEEE 488 Standard, a basic description follows: 

The GPIB interconnects up to 15 devices over a 
common set of data control lines. Three types of 
devices are defined by the standard: talker, listener, 
and controller, although some devices may combine 
functions such as talker/listener or talker/controller. 

Data on the GPIB is transferred in a bit -par al lel, b yte- 
serial fashion over eight data I/O lines (DIOrDIOs). A 
three-wire handshake is used to ensure synchronization 
of transmission and reception. In order to permit more 
than one device to receive data at the same time, these 
control lines are "open collector" so that the slowest 
device controls the data rate. A number of other control 
lines perform a variety of functions such as device 
addressing, interrupt generation, and so forth. 

The ^fPD7210 implements all functional aspects of 
talker, listener, and controller functions as defined by 
the 488-1978 Standard on a single chip. 

General 

The /UPD7210 is an intelligent controller designed to 
provide high-level protocol management of the GPIB, 
freeing the host processor for other tasks. Control of 
the//PD7210 is accomplished via 16 internal registers. 
Data may be transferred either under program control 
or via DMA using the//PD7210's DMA control facilities 
to further reduce processor overhead. The processor 
interface of the//PD7210 is general in nature and may 
be readily interfaced to most processor lines. 

In addition to providing all control and data lines 
necessary for a complete GPIB implementation, the 
//PD7210 also provides a unique set of bus transceiver 
controls permitting a variety of transceiver configura- 
tions for maximum flexibility. 



Internal Registers 

The //PD7210 has eight read registers (0R-7R) and 
eight write registers (0W-7W). The register number is 
selected via the RS2, RSi, and RSq lines; read or write is 
selected via WR, RD, and CS. 

Register Addressing 



Register 



Addressing 
RS2 RSi RSq WR RD CS 



Data-in 

Interrupt Status 1 
Interrupt Status 2 
Serial Poll Status 

Address Status 
Command Pass Through 
Address 
Address 1 

Byte Out 
Interrupt Mask 1 
Interrupt Mask 2 
Serial Poll Mode 

Address Mode 
Auxiliary Mode 
Address 0/1 
End of String 



OR 



















1R 


















2R 


















3R 

















4R 


1 
















5R 


1 















6R 


1 















7R 


1 














OW 



















1W 


















2W 


















3W 

















4W 


1 
















5W 


1 















6W 


1 















7W 


1 















Data Registers 









Data-in (OR) 






DI7 


Die 


DI5 


DI4 


DI3 


DI2 


Dh 


DIo 


Byte-Out (OW) 


BO7 


BOe 


BO5 


BO4 


BO3 


BO2 


BO1 


BOo 



The data registers are used for data and command 
transfers between the GPIB and the microcomputer 
system. The Data-in register holds data sent from the 
GPIB to the computer; the Byte-Out register holds 
information written into it for transfer to the GPIB. 

Interrupt Registers 

Interrupt Status 1 (1R) 



CPT 


APT 


DET 


END 


DEC 


ERR 


DO 


Dl 


Interrupt Status 2 (2R) 


INT 


SRQI 


LOK 


REM 


CO 


LOKC 


REMC 


ADSC 


Interrupt Mask 1 (1W) 


CPT 


APT 


DET 


END 


DEC 


ERR 


DO 


Dl 


Interrupt Mask 2 (2W) 





SRQI 


DMAO 


DMAI 


CO 


LOKC 


REMC 


ADSC 
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The interrupt registers are composed of interrupt 
status bits, interrupt mask bits, and some otiier non- 
interrupt related bits. 

Tiiere are 13 factors tfiat can generate an interrupt 
from the /iPD7210, each with its own status bit and 
mask bit. 

The interrupt status bits are always set to 1 if the 
interrupt condition is met. The interrupt mask bits 
decide whether or not the INT bit and the interrupt pin 
will be active for that condition. 

Interrupt Status Bits 



INT 


OR of all unmasked interrupt status bits 


CPT 


Command pass through 


APT 


Address pass through 


DET 


Device trigger 


END 


End (END or EOS message received) 


DEC 


Device clear 


ERR 


Error 


DO 


Data out 


Dl 


Data in 


SRQI 


Service request input 


LOKC 


Lockout change 


REMC 


Remote change 


ADSC 


Address status change 


CO 


Command output 


Noninterrupt Related Bits 


LOK 


Lockout 


REM 


Remote/local 


DMAO 


Enable/disable DMA out 


DMAI 


Enable/disable DMA in 



Serial Poll Registers 

Serial Poll Status (3R) 



Sg PEND Se S5 S4 S3 S2 Si 


Serial Poll Mode (3W) 


83 rsv Sg S5 S4 S3 S2 Si 



The serial poll mode register holds the STB (status 
byte: Ss, Se-Si) sent over the GPIB and the local 
message rsv (request service). The serial poll mode 
register may be read through the serial poll status 
register. The PEND is set by rsv = 1 and cleared by 
NPRS • rsv = 1 (NPRS means negative poll response 
state). 



Address l\/lode/ Address Status Registers 

Address Status (4R) 



CIC 


ATN 


SPMS 


LPAS 


TPAS 


LA 


TA 


MJMN 


Address Mode (4W) 


*on 


'on 


TRM1 


TRMO 








AMD1 


AMDO 



The address mode register selects the address mode of 
the device and also sets the mode for the transceiver 
control lines, T/R3 and T/R2. 

The functions of T/R2 (pin 2) and T/R3 (pin 5) are 
determined by the TRM1 , TRMO values of the address 
mode register. 



Function of T/R2 and T/R3 






T/R2 


T/R3 


TRM1 


TRMO 


EOIOE 


TRIG 








CIC 


TRIG 





1 


CIC 


EOIOE 


1 





CIC 


RE 


1 


1 



EOIOE = TAGS + SPAS + CIO • CSBS 

This denotes the input/output of the EOl terminal. 

When 1: output 

When 0: input 



CIC = CIDS + CADS 

This denotes whether or not the controller interface 

function is a ctive . 

When 1 : ATN = outpu t, SR Q = input 
When 0: ATN = input, SRQ = output 



E 



PE = CIC + PPAS 

This ind icate s the type of bus driver connected to the 

DIOs to DIO1 and DAV lines. 

When 1: three-state 

When 0: open-collector 

TRIG: When DTAS state is initiated or when a trigger 
auxiliary command is issued, a high pulse is generated. 

Upon reset, TRMO and TRM1 become (TRMO = TRM1 
= 0) and a local message port is provided so that T/R2 
and T/R3 both become low. 
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Address Modes 



Address Registers 



ton 


'on 


ADiMI 


Address 
ADIWO IWode 


Contents of 
Address 
Register 


Contents of 
Address 1 
Register 


1 











Talk only 
mode 


Address identification not 
necessary (No controller on 
the GPIB) 





1 








Listen only 
mode 


Not used 













1 


Address 
model 
(Note 1) 


Major talk 
address or 
major listen 
address 


Minor talk 
address or 
minor listen 
address 








1 





Address 
mode 2 
(Note 2) 


Primary 
address (talk 
or listen) 


Secondary 
address (talk 
or listen) 








1 


1 


Address 
modes 
(Note 3) 


Primary 
address 
(major talk or 
major listen) 


Primary 
address 
(minor talk or 
minor listen) 



Note: 

(1) Either MTA or MLA reception is indicated by coincidence of 
eittier address with) the received address, interface function T 
or L 

(2) Address register = primary; address register 1 = secondary; 
interface function JE or LE. 

(3) CPU must read secondary address via Command Pass Through 
register interface function (TE or LE). 

(4) Combinations other than those indicated are prohibited. 
Address Status Bits 



ATN 


Data transfer cycle (device in CSBS) 


LPAS 


Listener primary addressed state 


TPAS 


Talker primary addressed state 


CIC 


Controller active 


LA 


Listener addressed 


TA 


Talker addressed 


MJMN 


Sets minor T/L address, reset = major T/L 
address 


SPMS 


Serial poll mode state 



Address {6R) 



X 


DTO 


DLO 


AD5-0 


AD4-0 


AD3-0 


AD2-0 


AD-1 


Address 1 (7R) 


EOI 


DTI 


DL1 


AD5-1 


AD4-1 


AD3-1 


AD2-1 


AD1-1 


Address 0/1 (6W) 


ARS 


DT 


DL 


ADg 


AD4 


AD3 


AD2 


ADi 



The /uPD721 is able to detect automatically two types 
of addresses that are held in address registers and 1 . 
The addressing modes are outlined below. 

Address settings are made by writing into the address 
0/1 register. The function of each bit is described 
below. 

Address 0/1 Register Bit Selections 

ARS Selects either address register or 1 



DT 



Permits or prohibits address to be detected as Talk 



DL 



Permits or prohibits address to be detected as Listen 



AD5-AD1 



Device address value 



EOI 



Holds the value of EOI line when data is received 



Coinmand Pass Through Register [5R] 



CPT7 


CPTe 


CPT5 


CPT4 


CPT3 


CPT2 


CPTi 


CPTo 



The CRT register is used such that the CPU may read 
the DIO lines in the cases of undefined command, 
secondary address, or parallel poll response. 

End-of-String Register [7W] 



EC7 ECr ECfi EC4 EC3 EC2 ECi ECo 



This register holds either a 7- or 8-bit EOS message 
byte used in the G PI B system to detect the end of a data 
block. Auxiliary register A controls the specific use of 
this register. 

Auxiliary IVIode Register [5W] 



CNT2 


CNTi 


CNTo 


COM4 


COM3 


COM2 


COM-i 


COMo 



This is a multipurpose register. A write to this register 
generates one of the following operations according to 
the values of the CNT bits. 
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Auxiliary Mode Operations 



Auxiliary Command Descriptions (cont) 



2 


CNT 

I 





4 


COM 
3 2 1 





Operation 











C4 


C3 C2 Ci 


Co 


Issues an auxiliary 
command specified 
by C4 to Cq. 







F3 F2 Fi Fo 



The reference clock 
frequency is specified 
andTi.Te, T7, andTg 
are determined as 
a result. 



1 1 u 


s 


P3 


P2 


Pi 


Makes a write 
operation to the 
parallel poll register. 


1 A4 


A3 


A2 


Al 


Ao 


Makes a write 
operation to the 
auxiliary A register. 


1 1 B4 


B3 


B2 


Bl 


Bo 


Makes a write 
operation to the 
auxiliary B register. 


110 








El 


Eo 


Makes a write 
operation to the 
auxiliary E register. 



Commands and Other Registers 

Auxiliary Commands 












C4 


C3 


C2 


Ci 


Co 



Auxiliary Command Descriptions 



C4 


Command 
C3 C2 Cj 


Co 


Auxiliary 
Command 


Description 

















iepon 


Immediate execute pen; 
generate local pon 
message. 











1 





erst 


Chip reset (same as 
external reset) 











1 




rrfd 


Release RFD 








1 








trig 


Trigger 








1 







rtl 


Return to local message 
generation 








1 


1 





seoi 


Send EOl message 








1 


1 




nvid 


Nonvalid (OSA 
reception); release DAC 
holdoff 





1 


1 


1 




vid 


Valid (MSA Reception, 
CRT, DEC, DET); release 
DAC holdoff 





X 










sppf 


Set/reset parallel poll 
flag 


1 














gts 


Go to standby 


1 













tea 


Take control asynch- 
ronously 



Command 
C4 C3 Cj C, 


Cq 


Auxiliary 
Command 


Description 


1 





1 





tcs 


Take control synch- 
ronously 


1 1 





1 





tcse 


Take control synch- 
ronously on end 


1 





1 


1 


Itn 


Listen 


1 1 





1 


1 


Itnc 


Listen with continuous 
mode 


1 1 










lun 


Local unlisten 


1 1 







1 


epp 


Execute parallel poll 


1 X 




1 





sifc 


Set/reset IPC 


1 X 




1 


1 


sren 


Set/reset REN 


1 










dsc 


Disable system control 


internal Counter 
















1 





F3 


F2 


Fi 


Fo 





The internal counter generates the state change pro- 
hibit times (Ti, Te, T7, Tg) specified in IEEE Standard 
488-1978 with reference to the clock frequency. 

Auxiliary A Register 



1 








A4 


A3 


A2 


Al 


Ao 



E 



Of the five bits that may be specified as part of the 
access word, two bits control the GPIB data receiving 
modes of the //PD7210 and three bits control how the 
end-of-string (EOS) message is used. 

Data Receiving Modes 



Al 




Ao 


Data Receiving Mode 










Normal handshake mode 







1 


RFD holdoff on all data modes 


1 







RFD holdoff on end mode 


1 1 Continuous mode 


EOS Message 


Bit 
Name 






Function 


A2 





Prohibit 


Permits (prohibits) the setting of the END 




1 


Permit 


bit by reception of the EOS message. 


A3 





Prohibit 


Permits (prohibits) automatic 




1 


Permit 


transmission of END message 
simultaneously with the transmission of 
EOS message TACS. 


A4 





7-bit EOS 


Makes the 8 bits (7 bits) of the 




1 


8-bit EOS 


EOS register the valid EOS message. 
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Auxiliary B Register 



Auxiliary E Register 



1 





1 


B4 


B3 


Bg 


Bi 


Bo 




1 


1 














Ei 


Eo 



The auxiliary B register is mucii lil<e tiie A register in 
that it controls the special operating features of the 
device. 



Special Features 



Bit 
Name 






Function 


Bo 


1 


Permit 


Permits (prohibits) the detection of an un- 







Prohibit 


defined command. In other words, it 
permits (prohibits) the setting of the CPT 
bit on receipt of an undefined command. 


Bi 


1 


Permit 


Permits (prohibits) the transmission of 







Prohibit 


the END message when in serial poll 
active state (SPAS). 


B2 


1 


Ti (high- 
speed) 


Ti (high speed) as Ti in source handshake 
function after transmission of second 
byte following data transmission. 







Ti (low- 
speed) 


Sets Ti (low speed) as Ti in all cases. 


B3 


1 


INT 


Specifies the active level of the INT pin. 







iNT 





1 ist = 
SRQS 



ist = 
Parallel 
Poll Flag 



SRQS indicates the value of the ist level 
local message (the value of the parallel 
poll flag is ignored). 

SRQS = 1 ... ist = 1 

SRQS = ... ist = 

The value of the parallel poll flag is taken 
as the ist local message. 



This register controls the Data Acceptance modes of 
theA/PD7210. 



Dafa Acceptance Modes 



Bit 
Name 






Function 


Eo 


1 


Enable 


DAC holdoff by initialization of OCAS 







Disable 




E1 


1 


Enable 


DAC holdoff by initialization of DTAS 







Disable 




Parallel Poll Register 





1 1 


U S P3 1 P2 Pi 



The parallel poll register defines the parallel poll 
response of the fJPD72^ 0. 



Parallel Poll Response 


Bit 
Name 




Function 


U 


1 



No response to parallel poll 
Response to parallel poll 


S 


1 



In phase 
Reverse phase 


P3-P1 


000-111 


Status bit output line DIO1 to DIOs 



6-162 



SEC 



/iPD7210 



Minimum 8085 System witli //PD7210 



^PD8085 



lO/M 
As-Ais 



AD0-AD7 



c 



RESET 6.5 
RESET 5.5 



WR 

ALE 

RESET OUT 

CLK 



c 



c 



^PD7210 



V 



:> 



p 



RSo-RSa 



=> 



D0-D7 



INT 
ORQ 



RD 
WR 
RESET 
CLK 



T/R3-T/R1 



Data 
Xcvrs 



c 



MPD8155 



:> 



AD0-AD7 

lO/M 

RD 

WR 

ALE 

RESET 

TIMER IN 



PC0-PC5 



PB0-PB7 



PA0-PA7 



V 



fiPD8355 






AD0-AD7 

lO/M 
RD 

low 

ALE 

RESET 

CLK 



PA0-PA7, 
PB0-PB7 



o< 






Device 
Controls 



> 



^ 



Display 



E 
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Minimum 8085 System witti fiPD7210 (cont) 



/:jPD7210 






MC3448A 






DIOb 

D107 
DiOe 

DiCs 

DI04 
DIO3 
DI02 

DiOi 

T/Ri 
T/R3(E0I0E) 

lor 

DAV 
NRFD 
NDAC 

T;R2(CIC) 
SRQ 

AfN 

REN 




Data A 
Data B 
Data C 
Data D 
S/Ra-S/Rd 




Bus A 
Bus B 
Bus C 
Bus D 
PEaPEd 




























MC3448A 










Data A 
Data B 
Data C 
Data D 

s/ra-s;rd 




Bus A 
Bus B 
Bus C 
Bus D 
PEa-PEd 










































MC3448A 








U>° 








s/Ra 

Data A 
S/Rb 
Data B 

s;rc 

Data C 
S/Rd 
Data D 




Bus A 

Bus B 

BusC 

Bus D 
PEa-PEd 




























































MC3448A 








Kw„ 


S/Ra 
Data A 
S/Rb 
Data B 
S/Rc 
Data C 
S/Rd 
Data D 




Bus A 

Bus B 

Bus C 

Bus D 
PEa-PEd 








V^" 












































HL 





Note: In this example, high speed data transfer cannot be made since 
the bus transceiver is an open-collector type (set B2 = 0). 



DIOb 
Di07 
DlOe 
DIO5 



Di04 

DIO3 

'DIO2 

DIO1 



SRQ 

ATN 

-REN 



fiPD7210 








SN75160 




DIO8-DIO1 

T/R3(PE) 

T/Ri 

T/R2(CIC) 
SRQ 
AfN 
EOl 
DAV 
NRFD 
NDAC 
TFC 
REN 


8/ 


D8-D1 

PE 


B8-B1 

TE 


8 / 














SN75161 




ISo 








DC 

SRQ 

ATN 

EOl 

DAV 

NRFD 

NDAC 

IFC 

REN 


TE 




po 











































Note: in the case of low-speed data transfer (82 = 0), the T/R3 pin can be used as a TRIG 
output. The PE input of SN75160 should be cleared to 0. 
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HIGH-PERFORMANCE 

GRAPHICS DISPLAY CONTROLLER 



Description 

The A<PD7220A high-performance graphics display 
controller (HGDC) is an intelligent microprocessor 
peripheral designed to be the heart of a high-perfor- 
mance raster scan computer graphics and character 
display system. Positioned between the video display 
memory and the microprocessor bus, the HGDC 
performs the tasks needed to generate the raster 
display and manage the display memory. Processor 
software overhead is minimized by the HGDC's sophis- 
ticated instruction set, graphics figure drawing, and 
DMA transfer capabilities. The display memory sup- 
ported by the HGDC can be configured in any number 
of formats and sizes up to 256K 16-bit words. The 
display can be zoomed and panned, while partitioned 
screen areas can be independently scrolled. With its 
light pen input and multiple controller capability, the 
HGDC is ideal for advanced computer graphics 
applications. 

For a more detailed description of the HGDC's 
operation, please refer to the 7220/7220A design 
manuals. 

System Considerations 

The HGDC is designed to work with a general purpose 
microprocessor to implement a high-performance 
computer graphics system. Through the division of 
labor established by the HGDC's design, each of the 
system components is used to the maximum extent 
through a six-level hierarchy of simultaneous tasks. At 
the lowest level, the HGDC generates the basic video 
raster timing, including sync and blanking signals. 
Partitioning areas on the screen and zooming are also 
accomplished at this level. At the next level, video 
display memory is modified during the figure drawing 
operations and data moves. Third, display memory 
addresses are calculated pixel by pixel as drawing 
progresses. Outside the HGDC at the next level, 
preliminary calculations are done to prepare drawing 
parameters. At the fifth level, the picture must be 
represented as a list of graphics figures drawable by 
the HGDC. Finally, this representation must be 
manipulated, stored, and communicated. By handling 
the first three levels, the HGDC takes care of the high- 
speed and repetitive tasks required to implement a 
graphics system. 



Features 

n Microprocessor interface 

— DMA transfers with 8257- or 8237-type 
controllers 

— FIFO command buffering 
D Display memory interface 

— Up to 256K words of 16-bits 

— Read-modify-write (BMW) display memory 
cycles as fast as 500 ns 

— Dynamic RAM refresh cycles for nonaccessed 
memory 

D Light pen input 

D Drawing hold input 

D External video synchronization mode 

D Graphic mode 

— Four megabit, bit-mapped display memory 
D Character mode 

— 8K character code and attributes display 
memory 

D Mixed graphics and character mode 

— 64K if all characters 

— 1 megapixel if all graphics 
D Graphics capabilities 

— Figure drawing of lines, arc/circles, rectangles, 
and graphics characters in 500 ns per pixel 

— Display 1024-by-1024 pixels with 4 planes of 
color or grayscale 

— Two independently scrollable areas 
D Character capabilities 

— Auto cursor advanced 

— Four independently scrollable areas 

— Programmable cursor height 

— Characters per row: up to 256 

— Character rows per screen: up to 100 
D Video display format 

— Zoom magnification factors of 1 to 16 

— Panning 

— Command-settable video raster parameters 
D NMOS technology 

D Single +5 V power supply 
D DMA capability 

— Bytes or word transfers 

— 4 clock periods per byte transferred 

D On- chip pu ll-up resistor for VSYNC/EXT, HSYNC 
and DACK, and a pull-down resistor for LPEN/DH 
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Ordering Information 




Part 
Number 


Package 
Type 


Max Frequency 
of Operation 


//PD7220AD 


40-pin ceramic DIP 


6 MHz 


/aPD7220AD-1 


40-pin ceramic DIP 


7 MHz 


//PD7220AD-2 


40-pin ceramic DIP 


8 MHz 



Pin Identification 



Pin Configuration 



2XWCLK C 

dbInC 

HSYNC C 

V/EXTSYNCC 

BLANK C 

ALEC 

drqC 

DACKC 

rBC 
WrC 

AoC 
DBoC 
DB, C 
DBjC 

DBjC 
DB4I: 
DB5C 
DBeC 
DB, C 
GNDC 



1: 
39 3 
38 D 
37 D 
36 3 
35 D 

33 n 



31 
30 p 
29 H 
28 D 
27: 
26: 
25: 
24: 

23 : 
22 : 



AD, 4 
AD,3 



AD,, 



32 : AD„ 

:ad. 



AD7 
AD, 
AD5 
AD4 
AD3 
AD2 
AD, 
AD„ 



: LPEN/DH 



Ciiaracter Rflode Pin Utilization 


Pin 


No. Symbol 


Function 


35-37 AD13-AD15 


Line counter bits to 2 outputs 


38 AD16 


Line counter bit 3 output 


39 AD17 


Cursor output and line counter bit 4 


Mixed Mode Pin Utilization 


Pin 


No. Symbol 


Function 


35-37 AD13-AD15 


Address and data bits 13 to 15 


38 A16 


Attribute blinl< and clear line counter 
output 


39 Ai7 


Cursor and bit-map area flag output 



Pin 


No. 


Symbol 


Function 


1 


2xWCLK 


Clocl< input 


2 


DBIN 


Display memory read input flag 


3 


HSYNC 


Horizontal video sync output 


4 


V/EXT SYNC 


Vertical video sync output or external 
VSYNC input 


5 


BLANK 


CRT blanking output 


6 


ALE 


Address latch enable output 


7 


DRQ 


DMA request output 


8 


DACK 


DMA acknowledge input 


9 


RD 


Read strobe input for microprocessor 
interface 


10 


WR 


Write stobe input for microprocessor 
interface 


11 


Ao 


Address select input for microprocessor 
interface 


12-19 


DB0-DB7 


Bidirectional data bus to host micro- 
processor 


20 


GND 


Ground 


21 


LPEN/DH 


Light pen detect input drawing hold 
input 


22-34 


AD0-AD12 


Address data lines to display memory 


35-37 


AD13-AD15 


Utilization varies with mode of 
operation 


38 


A16 


Utilization varies with mode of 
operation 


39 


A17 


Utilization varies with mode of 
operation 


40 


Vcc 


-1-5 V ±10% power supply 


Graphics Mode Pin Utilization 


Pin 


No. 


Symbol 


Function 


35-37 


AD13-AD15 


Address and data bits 13 to 15 


38 


A16 


Address bit 16 output 


39 


A17 


Address bit 17 output 
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Pin Functions 

2xWCLK [Clock Input] 

2xWCLK is the clock input. 



DBIN [Data Bus Input Enable] 



Tiie DBIN output indicates the time the AGDC will 
accept data read from display RAM during read- 
modify-write (RMW) cycles. 

HSYNC [Horizontal Sync] 

The HSYNC output indicates the time the CRT's beam 
is to start its retrace back to the left side of the screen. 

V/EXT SYNC [Vertical SYNC Output/External 
Sync Input] 

The AGDC can be programmed to output a vertical 
sync signal at the start of the return of the CRT's beam 
from the lower right of the screen to the upper left 
during vertical retrace. The AGDC may also be 
programmed to accept an external sync input when 
used in slave mode. 

BLANK [Blank] 

BLANK is output during inactive display times (hori- 
zontal and vertical retrace) of the CRT and during a 
read-mod if y-write memory cycle when in flash mode. 

ALE [Address Latch Enable] 

The falling edge of ALE indicates the first clock cycle of 
a display memory cycle and the availability of the 
memory address on pins AD0-AD17. ALE and external 
logic can generate display memory control signals. 

Aq [Address Bit 0] 

Aq is the address select input for the microprocessor 
interface. 

Ai [Address Bit 1] 

The Ai input selects registers when reading or writing 
to the AGDC. 



DACK [DMA Acknowledge] 



DACK is the DMA acknowledge input handshake line 
that directly interfaces to the /;(PD8257 or //PD8237 
DMA controller. 

DRQ [DMA Request] 

DRQ is the DMA request output handshake line that 
directly interfaces to the //PD8257 or //PD8237 DMA 
controller. 



RD [Read Strobe] 

The host CPU clears the RD input to when reading 
the internal status and FIFO registers. 

WR [Write Strobe] 

The host CPU clears WR to when writing to the 
internal command and parameter registers. 

DB0-DB7 [Data Bus] 

DB0-DB7, the 8-bit, three-state bidirectional data bus 
transfers data to and from the host CPU via the system 
bus. 

LPEN/DH [Light Pen/Drawing Hold] 

The LPEN/DH input can be programmed as either a 
light pen input or drawing hold input. The drawing hold 
input halts all read-modify-write operations. 

AD0-AD17 [Address and Data Lines] 

AD0-AD17 are address and data lines to display 
memory. AD13-AD17 functions vary with the mode of 
operation oftheADGC.TheAfPD7220/7220A Graphics 
Display Controller User's Manual describes these 
functions and modes of operation. 

Vcc [Power Supply] 

Vcc is the +5 V power supply input. 

GND [Ground] 

GND is ground potential. 

Blocic Diagram 
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HGDC Components 

Microprocessor Bus Interface 

Control of the HGDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The 
status register is readable at any time. Access to the 
FIFO buffer is coordinated through flags in the status 
register and operates independently of the various 
internal HGDC operations, due to the separate data 
bus connecting the interface and the FIFO buffer. 

Applications 

NEC Electronics Inc. recently learned that applica- 
ion of the yuPD7220 or //PD7220A Graphics Display 
Controller in conjunction with other non-NEC 
Electronics Inc. equipment to achieve panning and 
zooming capabilities may Infringe U.S. Patents 
4,197,590 and RE 31,200 held by CADTRAK CORP- 
ORATION of Sunnyvale, Ca. Neither the //PD7220 nor 
the//PD7220A Graphics Display Controllers by them- 
selves infringe CADTRAK's patents. CUSTOMERS OF 
NEC ELECTRONICS INC. ARE HEREBY GIVEN 
NOTICE OF THE EXISTENCE OF THE CADTRAK 
PATENTS. USER'S ARE RESPONSIBLE FOR IN- 
SURING THAT THEIR SYSTEM DESIGN, MANU- 
FACTURE AND RESULTING PRODUCT DO NOT 
VIOLATE ANY APPLICABLE PATENTS. 

Command Processor 

The contents of the FIFO are interpreted by the 
command processor. The command bytes are decoded, 
and the succeeding parameters are distributed to their 
proper destinations within the HGDC. The command 
processor yields to the bus interface when both access 
the FIFO simultaneously. 

DMA Control 

The DMA control circuitry in the HGDC coordinates 
transfers over the microprocessor interface when using 
an external DMA controller. The DMA Request and 
Acknowledge handshake lines directly interface with a 
//PD8257 or/uPD8237 DMA controller, so that display 
data can be moved between the microprocessor 
memory and the display memory. 



Parameter RAM 

The 16-byte RAM stores parameters that are used 
repetitively during the display and drawing processes. 
In character mode, this RAM holds four sets of 
partitioned display area parameters; in graphics mode, 
the drawing pattern and graphics character take the 
place of two of the sets of parameters. 

Video Sync Generator 

Based on the clock input, the sync logic generates the 
raster timing signals for almost interlaced, non- 
interlaced, or "repeat field" interlaced video format. 
The generator Is programmed during the idle period 
following a reset. In video sync slave mode, it 
coordinates timing between multiple HGDCs. 

Memory Timing Generator 

The memory timing circuitry provides two memory 
cycle types: a two-clock period refresh cycle and the 
read-modify-write(RMW) cycle, which takes four clock 
periods. The memory control signals needed to drive 
the display memory d evices are easily generated from 
the HGDCs ALE and DBIN outputs. 

Zoom & Pan Controller 

Based on the programmable zoom display factor and 
the display area entries in the parameter RAM, the 
zoom and pan controller determines when to advance 
to the next memory address for display refresh and 
when to go on to the next display area. A horizontal 
zoom is produced by slowing down the display refresh 
rate while maintaining the video sync rates. Vertical 
zoom is accomplished by repeatedly accessing each 
line a number of times equal to the horizontal repeat. 
Once the line count for a display area is exhausted, the 
controller accesses the starting address and line count 
of the next display area from the parameter RAM. The 
system microprocessor, by modifying a display area 
starting address, can pan in any direction, in- 
dependently of the other display areas. 

Drawing Controller 

The drawing processor contains the logic necessary to 
calculate the addresses and positions of the pixels of 
the various graphics figures. Given a starting point and 
the appropriate drawing parameters, the drawing 
controller needs no further assistance to complete the 
figure drawing. 
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Display Memory Controller 

The display memory contoller's tasks are numerous. 
Its primary purpose is to multiplex the address and 
data information in and out of the display memory. It 
also contains the 16-bit logic unit used to modify the 
display memory contents during RMW cycles, the 
character mode line counter, and the refresh counter 
for dynamic RAMs. The memory controller apportions 
the video field time between the various types of 
cycles. 

Light Pen Deglitcher/Drawing Hold 

Only if two rising edges on the light pen input occur at 
the same point during successive video fields are the 
pulses accepted as a valid light pen detection. A status 
bit indicates to the system microprocessor that the 
light pen register contains a valid address. If this Input 
is held high for a period greater than four 2xWCLK 
cycles, drawing execution is halted when bit 7 of P5 of 
the SYNC command is set. 

Programmer's View of HGDC 

The HGDC occupies two addresses on the system 
microprocessor bus through which the HGDC's status 
register and FIFO are accessed. Commands and 
parameters are written into the HGDC's FIFO and are 
differentiated based on address bit Aq. The status 
register or the FIFO can be read as selected by the 
address line. 

Commands to the HGDC take the form of a command 
byte followed by a series of parameter bytes as needed 
for specifying the details of the command, the 
command processor decodes the commands, unpacks 
the parameters, loads them into the appropriate 
registers within the HGDC, and initiates the required 
operations. 

The commands available in the HGDC can be organized 
into five categories as described in the following 
section. 



HGDC Microprocessor Bus Interface Registers 




AO 


READ 


WRITE 







Status Register 






Parameter Into FIFO 






1 1 1 1 1 1 1 






1 1 1 1 1 1 1 
















1 




FIFO Read 






Command Into FIFO 




1 1 1 1 1 1 1 


1 











HGDC Commands Summary 

Video Control Commands 

1 . RESET1 Resets the GDC to its idle state. 

Resychronizes video timing. Blanks 
the display. 

2. RESET2 Resets the HGDC to its idle state. 

Does not resynchronize video 
timing. Blanks the display. 

3. RESETS Resets the HGDC to its idle state. 

Does not resynchronize video 
timing. Does not blank the display. 

4. SYNC Specifies the video display format. 

5. VSYNC Selects master or slave video 

synchronization mode. 

6. CCHAR Specifies the cursor and character 

row heights. 

Display Control Commands 

1. START Ends idle mode and unblanks the 

display. 

2. BLANK1 Controls the blanking and 

unblanking of the display, along 
with video resynchronization. 

3. BLANK2 Controls the blanking and 

unblanking of the display. Does not 
blank the display. 

4. ZOOM Specifies zoom factors for the 

display and graphics characters 
writing. 

5. CURS Sets the position of the cursor in 

display memory. 

6. PRAM Defines starting addresses and 

lengths of the display areas and 
specifies the eight bytes for the 
graphics character. 

7. PITCH Specifies the width of the X 

dimension of display memory. 

Drawing Control Commands 



E 



1. 

2. 
3. 


WDAT 

MASK 
FIGS 


Writes data words or bytes into 
display memory. 
Sets the mask register contents. 
Specifies the parameters for the 
drawing controller. 


4. 


FIGD 


Draws the figure as specif led 
above. 


5. 


GCHRD 


Draws the graphics character into 
display memory. 
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Data Read Commands 

1 . RDAT Reads data words or bytes from 

display memory. 

2. CURD Reads the cursor positiori. 

3. LPRD Reads the light pen address. 
DMA Control Commands 

1. DMAR Requests a DMA read transfer. 

2. DMAW Requests a DMA write transfer. 

Status Register Flags 

SR-7: Light Pen Detect 

When this bit is set to 1, the light pen address (LAD) 
register contains a deglitched value that the system 
microprocessor may read. This flag is reset after the 
3-byte LAD is moved into the FIFO in response to the 
light pen read command. 

SR-6: Horizontal Blank Active/Vertical 
Blanic Active 

A 1 value for this flag signifies that horizontal retrace 
blanking or vertical retrace blanking is currently under- 
way dependent on the status of the VH bit in SYNC or 
the RESETx parameter 6. 

SR-5: Vertical Sync 

Vertical retrace sync occurs while this flag is a 1. The 
vertical sync flag coordinates display format modifying 
commands to the blanked interval surrounding vertical 
sync. This eliminates display disturbances. 

SR-4: DMA Execute 

This bit is a 1 during DMA data tranfers. 

SR-3: Drawing in Progress 

While the HGDC is drawing a graphics figure, this 
status bit is a 1 . 

Status Register (SR) 



- Data Ready 
-FIFO Full 

- FIFO Empty 

- Drawing in Progress 

- DMA Execute 

- Vertical Sync Active 

- Horizontal Blank Active/ 

Vertical Blank Active 

- Light Pen Detect 



7 


6 


5 


4 


3 


2 


1 






SR-2: FIFO Empty 

This bit and the FIFO-full flag coordinate system 
microprocessor accesses with the HGDC FIFO. When 
it is 1, the Empty flag ensures that all the commands 
and parameters previously sent to the HGDC have 
been interpreted. 

SR-1: FIFO Full 

A 1 at this flag indicates a full FIFO in the HGDC. A 
ensures that there is room for at least one byte. This 
flag needs to be checked before each write into the 
HGDC. 

SR-0: Data Ready 

When this flag is a 1 , it indicates that a byte is available 
to be read by the system microprocessor. This bit must 
be tested before each read operation. It drops to a 
while the data is transferred from the FIFO into the 
microprocessor interface data register. 

FIFO Operation & Command Protocol 

Thefirst-in, first-out buffer (FIFO) in the HGDC handles 
the command dialogue with the system microproces- 
sor. This flow of information uses a half-duplex 
technique, in which the single 16-location FIFO is used 
for both directions of data movement, one direction at 
a time. The FIFO's direction is controlled by the system 
microprocessor through the HGDC's command set. 
The host microprocessor coordinates these transfers 
by checking the appropriate status register bits. 

The command protocol used by the HGDC requires 
differentiation of the first byte of a command sequence 
from the succeeding bytes. The first byte contains the 
operation code and the remaining bytes carry para- 
meters. Writing into the HGDC causes the FIFO to 
store a flag value alongside the data byte to signify 
whether the byte was written into the command or the 
parameter address. The command processor in the 
HGDC tests this bit as it interprets the entries in the 
FIFO. 

The receipt of a command byte by the command 
processor marks the end of any previous operation. 
The number of parameter bytes supplied with a 
command is cut short by the receipt of the next 
command byte. A read operation from the HGDC to the 
microprocessor can be terminated at any time by the 
next command. 
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The FIFO changes direction under the control of the 
system microprocessor. Commands written into the 
HGDC always put the FIFO into write mode if it was not 
in it already. If it was in read mode, any read data in the 
FIFO at the time of the turnaround is lost. Commands 
which require an HGDC response, such as RDAT, 
CURD and LPRD, put the FIFO Into read mode after the 
command is interpreted by the HGDC's command 
processor. Any commands and parameters behind the 
read-evoking command are discarded when the FIFO 
direction is reversed. 

Read-Modify-Write Cycle 

Data transfers between the HGDC and the display 
memory are accomplished using a read-modify-write 
(RMW) memory cycle. The four-clock period timing of 
the RMW cycle is used to 1 . output the address, 2. read 
data rom the memory, 3. modify the data, and 4. write 
the modified data back into the initially selected 
memory address. This type of memory cycle is used for 
all interactions with display memory including DMA 
transfers, except for the two-clock period display and 
RAM refresh cycles. 

The operations performed during the modify portion of 
the RMW cycle merit additional explanation. The 
circuitry in the HGDC uses three main elements: the 
Pattern register, the Mask register, and the 16-bit Logic 
unit. The Pattern register holds the data pattern to be 
moved into memory. It is loaded by the WDAT para- 
meters or, during drawing, from the parameter RAM. 
The Mask register contents determ i ne which bits of the 
read data will be modified. Based on the contents of 
these registers, the Logic unit performs the selected 
operations of REPLACE, COMPLEMENT, SET, or 
CLEAR on the data read from display memory. 

The Pattern register contents are ANDed with the Mask 
register contents to enable the actual modification of 
the memory read data, on a bit-by-bit basis. For 
graphics drawing, one bit at a time from the Pattern 
register is combined with the Mask. When ANDed with 
the bit set to a 1 in the Mask register, the proper single 
pixel is modified by the Logic unit. For the next pixel in 
the figure, the next bit in the Pattern register is selected 
and the Mask register bit is moved to identify the pixel's 
location within the word. The Execution word address 
pointer register, EAD, is also adjusted as required to 
address the word containing the next pixel. 



In character mode, all of the bits in the Pattern register 
are used in parallel to form the respective bits of the 
modify data word. Since the bits of the character code 
word are used in parallel, unlike the one-bit-at-a-time 
graphics drawing process, this facility allows any or all 
of the bits in a memory word to be modified in one 
RMW memory cycle. The Mask register must be loaded 
with ones in the positions where modification is to be 
permitted. 

The Mask register can be loaded in either of two ways. 
In graphics mode, the CURS command contains a 4-bit 
dAD field to specify the dot address. The command 
processor converts this parameter into the 1-of-16 
format used in the Mask register for figure drawing. A 
full 16-bitscan be loaded into the Mask register using 
the MASK command. In addition to the character mode 
use mentioned above, the 16-bit MASK load is con- 
venient in graphics mode when all of the pixels of a 
word are to be set to the same vajue. 

The Logic unit combines the data read from display 
memory, the Pattern register, and the Mask register to 
generate the data to be written back into display 
memory. Any one of four operations can be selected: 
REPLACE, COMPLEMENT, CLEAR or SET. In each 
case, if the respective Mask bit is 0, that particular bit of 
the read data is returned to memory unmodified. If the 
Mask bit is 1, the modification is enabled. With the 
REPLACE operation, the Pattern register data simply 
takes the place of the read data for modification 
enabled bits. For the other three operations, a in the 
modify data allows the read data bit to be returned to 
memory. A 1 value causes the specified operation to be 
performed in the bit positions with set Mask bits. 

Figure Drawing 

The HGDC draws graphics figures at the rate of one 
pixel per read-modify-write (RMW) display memory 
cycle. These cycles take four clock periods to complete. 
At a clock frequency of 8 MHz, this is equal to 500 ns. 
During the RMW cycle the HGDC simultaneously 
calculates the address and position of the next pixel to 
be drawn. 

The graphics figure drawing process depends on the 
display memory addressing structure. Groups of 16 
horizontally adjacent pixels form the 16-bit words 
which are handled by the HGDC. Display memory is 
organized as a linearly addressed space of these 
words. Addressing of individual pixels is handled by 
the HGDC's internal RMW logic. 



1 
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During the drawing process, the HGDC finds the next 
pixel of the figure which is one of the eight nearest 
neighbors of the last pixel drawn. The HGDC assigns 
each of these eight directions a number from to 7, 
starting with straight down and proceeding counter- 
clocl<wise. 

Figure drawing requires the proper manipulation of 
the address and the pixel bit position according to the 
drawing direction to determine the next pixel of the 
figure. To move to the word above or below the current 
one, it is necessary to subtract or add the number of 
words per line in display memory. This parameter is 
called the pitch. To move to the word to either side, the 
Execute word address cursor, EAD, must be increment- 
ed or decremented as the dot address pointer bit reaches 
the LSB or the MSB of the Mask register. To move to a 
pixel withi n the same word , it is necessary to rotate the 
dot address pointer to the right or left. The table below 
summarizes these operations for each direction. 



Oir 


Operations to Address the Next Pixel 


000 


EAD-P — EAD 


001 


EAD-P-*EAD 

dAD(MSB) = 1:EAD-1-*EAD dAD^LR 


010 


dAD(MSB) = 1:EAD-1^EAD dAD-*LR 


Oil 


EAD-P-*EAD 

dAD(MSB) = 1:EAD-1 — EAD dAD^LR 


100 


EAD-P^EAD 


101 


EAD - P ^ EAD 

dAD(LSB) = 1:EAD-1 — EAD dAD -* RR 


110 


dAD (LSB) = 1:EAD - 1 ^ EAD dAD -* RR 


111 


EAD- P^ EAD 

d AD (LSB) = 1 :EAD - 1 ^ EAD dAD ^ RR 



Note: 

P = Pitch, LR = Left Rotate, RR = Right Rotate, EAD = Execute Word 
Address, and dAD = Dot Address stored in the Masl< register. 



Drawing Directions 


\J\'^/' 


0'P~0 


'X°X\^ 


ooo 



Whole word drawing is useful for filling areas in 
memory with a single value. By setting the Mask 
register to all Is with the MASK command, both the 
LSB and MSB of the dAD will always be 1, so that the 
EAD value will be incremented or decremented for 
each cycle regardless of direction. One RMW cycle will 
be able to affect all 16 bits of the word for any drawing 
type. One bit in the Pattern register is used per RMW 
cycle to write all the bits of the word to the same value. 
The next Pattern bit is used for the word, etc. 

For the various figures, the effect of the initial direction 
upon the resulting drawing is shown below: 



^ 



M 



V^ 



L^ 



C. 



.:C] 



^ 



"^J 



Rectangle 



□ 



□ 



□ 



NN 



hN 



Note that during line drawing, the angle of the line may 
be anywhere within the shaded octant defined by the 
DIP value. Arc drawing starts in the direction initially 
specified by the DIR value and veers into an arc as 
drawing proceeds. An arc may be up to 45° in length. 
DMA transfers are done on word boundaries only, and 
follow the arrows indicated in the table to find succes- 
sive word addresses. The slanted paths for DMA 
transfers indicate the HGDC changing both the X and Y 
components of the word address when moving to the 
next word. It does not follow a 45° diagonal path by 
pixels. 
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Drawing Parameters 

In preparation for graphics figure drawing, the HGDC's 
Drawing processor needs the figure type, direction and 
drawing parameters, the starting pixel address, and the 
pattern from the microprocessor. Once these are in 
place within the HGDC, the Figure Draw command, 
FIGD, initiates the drawing operation. From that point 
on, the system microprocessor is not involved in the 
drawing process. The HGDC Drawing controller co- 
ordinates the RMW circuitry and address registers to 
draw the specified figure pixel by pixel. 

The algorithms used by the processor for figure 
drawing are designed to optimize its drawing speed. To 
this end, the specific details about the figure to be 
drawn are reduced by the microprocessor to form 
conducive to high-speed address calculations within 
the HGDC. In this way the repetitive, pixel-by-pixel 
calculations can be done quickly, thereby minimizing 
the overall figure drawing time. The table below sum- 
marizes the parameters. 



Drawing 
Type 


DC 


D 




D2 


D1 


DM 


Initial 
Value (1) 





8 




8 


-1 


-1 


Line 


|AI| 


2|AD|- 


lAll 


2(|AD|-|Aii) 


2|AD| 


- 


Arc (2) 


rsin0 


r-1 




2(r-1) 


-1 


rsinei 


Rectangie 


3 


A-1 




B-1 


-1 


A-1 


Areafili 


B-1 


A 




A 


- 


- 


Graphic 

character 

(3) 


B-1 


A 




A 






Reads 
write data 


W-1 


- 




- 


- 


- 


DMAW 


D-1 


C-1 




- 


- 


- 


DMAR 


D-1 


C-1 




(C-1)/2/t 


- 


- 



Note: 

All numbers are shown In base 10 for convenience. The HGDC 
accepts base 2 numbers (2's complement notation) where 
appropriate. 

(1) Initial values for the various parameters remain as each drawing 
process ends. 

(2) Ci rcles are drawn with 8 arcs, each of which span 45 °, so that sin 
cp = 1/\/2andsin ^ = 0. 

(3) Graphic characters are a special case of bit-map area filling in 
which B and A < 8. If A = 8 there is no need to load D and D2. 



B 

W 
C 



D 



Symbol Definitions 

-1 = All ONES value. 
— = No parameter bytes sent to HGDC for this 

parameter. 
Al = The larger at Ax or Ay. 
AD = The smaller at Ax or Ay. 
r = Radius of curvature, in pixels. 
<p = Angle from major axis to end of the arc. 

0<45°. 
6 = Angle from major axis to start of the arc. 

e<A5°. 
t = Round up to the next higher integer. 
i = Round down to the next lower integer. 
A = Number of pixels in the initially specified 
direction. 
= Number of pixels in the direction at right 
angles to the initially specified direction. 
= Number of words to be accessed. 
= Number of bytes to be transferred in the 
initially specified direction. (Two bytes per 
word if word transfer mode is selected.) 
= Number of words to be accessed in the 
direction at right angles to the initially 
specified direction. 
DC = Drawing count parameter which is one less 
than the number of RMW cycles to be 
executed. 
DM = Dots masked from drawing during arc 
drawing, 
t = Needed only for word reads. 

Grapiiics Ciiaracter Drawing 

Graphics characters can be drawn into display memory 
pixel by pixel. The up to 8-by-8 character display is 
loaded into the HGDC's parameter RAM by the system 
microprocessor. Consequently, there are no limitations 
on the character set used. By varying the drawing 
parameters and drawing direction, numerous drawing 
options are available. In area fill applications, a 
character can be written into display memory as many 
times as desired without reloading the parameter RAM. 

Once the parameter RAM has been loaded with up to 
eight graphics character bytes by the appropriate 
PRAM command, the GCHRD command can be used 
to draw the bytes into display memory starting at the 
cursor. The zoom magnification factor for writing, set 
by the ZOOM command, controls the size of the 
character written into the display memory in integer 
multiples of 1 through 16. The bit values in the PRAM 
are repeated horizontally and vertically the number of 
times specified by the zoom factor. 



E 
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The movement of these PRAM bytes to the display 
memory is controlled by the parameters of the FIGS 
command. 

Based on the specified height and width of the area to 
be drawn, the parameter RAM is scanned to fill the 
required area. 

For an 8-by-8 graphics character, the first pixel drawn 
uses the LSB of RA-15, the second pixel uses bit 1 of 
RA-15, and so on, until the MSB of RA-15 is reached. 

The HGDC jumps to the corresponding bit in RA-1 4 to 
continue the drawing. The progression then advances 
toward the LSB of RA-14. This snaking sequence is 
continued for the other 6 PRAM bytes. This progression 
matches the sequence of display memory addresses 
calculated by the drawing processor as shown above. 
If the area is narrower than 8 pixels wide, the snaking 
will advance to the next PRAM byte before the MSB is 
reached. If the area is less than 8 lines high, fewer bytes 
in the parameter RAM will be scanned. If the area is 
larger than 8 by 8, the HGDC will repeat the contents of 
the parameter RAM in two dimensions, as required to 
fill the area with the 8-by-8 mosaic. (Fractions of the 
8-by-8 pattern will be used to fill areas which are not 
multiples of 8 by 8.) 

Parameter RAM Contents: RAM Address 
RA-OtoRA-15 

The parameters stored in the parameter RAM, PRAM, 
are available for the HGDC to refer to repeatedly 
during figure drawing and raster-scanning. In each 
mode of operation the values in the PRAM are inter- 
preted by the HGDC in a predetermined fashion. The 
host microprocessor must load the appropriate para- 
meters into the proper PRAM locations. PRAM loading 
command allows the host to write into any location of 
the PRAM and transfer as many bytes as desired. In this 
way any stored parameter byte or bytes may be 
changed without influencing the other bytes. 

The PRAM stores two types of information. For 
specifying the details of the display area partitions, 
blocks of four bytes are used. The four parameters 
stored in each block include the starting address in 
display memory of each display area, and its length. In 
addition, there are two mode bits for each area which 
specify whether the area is a bit-mapped graphics area 
or a coded-character area, and whether a 16-bit or a 
32-bit wide display cycle is to be used for that area. 



The other use for the PRAM contents is to supply the 
pattern for figure drawing when in a bit-mapped 
graphics area or mode. In these situations, PRAM 
bytes 8 through 16 are reserved for this patterning 
information. For line, arc, and rectangle drawing (linear 
figures) locations 8 and 9 are loaded into the Pattern 
register to allow the HGDC to draw dotted, dashed, etc. 
lines. For area filling and graphics bit-mapped char- 
acter drawing, locations 8 through 1 5 are referenced for 
the pattern or character to be drawn. 

Details of the bit assignments are shown for the various 
modes of operation. 

Character Mode 



"c 






SADIh 



J Display Partition Area 1 
^~ starting address with low & 

high significance fields 

(word address) 



'C 



LENI,^ 


Q 



J Length of Display Partition 1 
•^— (line count) with high and 
low significance fields 



RA-4 




SAD2l 


5 








SAD2„ 


6 




LEN2^ 








7 


WD2 





LEN2h 



A Wide Display cycle width 
of two words per memory cycle 
is selected for this display 
~ area if this bit is set to a 1. 
The display address counter 
is then incremented by 
2 for each display scan 
cycle. Other memory cycle 
types are not influenced. 

Display Partition 2 
- starting address 
and length 



RA-8 




SAoa,^ 


9 








SAD3„ 


10 




LEN3,. 








11 


WD3 





LEN3„ 



Display Partition 3 
- starting address 
and length 



RA-12 




SAD4l 


13 








SAD4„ 


14 




LEr 


J4l 








15 


WD4 





LEN4„ 



Display Partition 4 
■ starting address 
and length 



6-174 



NEC 



ArPD7220A 



Graphics and Mixed Graphics and Character 
Ixodes 



Command Bytes Summary 



RA-8^ 


PTNl 


or 


GCHR8 


\ 


















9 


PTN„ 


or 


GCHR7 










RA-10 


GCHR6 


11 


GCHR5 


12 


GCHR4 


13 


GCHR3 


14 


GCHR2 


15 


GCHR1 












RA-0 


SAOIl 














1 




SAD1,, 
















2 


LENIl 








SADIh 














3 


WD1 


IM 




LEN 


H 






\ 




















RA-4 


SA02^ 




5 


SA 


»M 




6 




LE 


«L 








SAD2„ 




7 


WD2 


IM 


LEN2„ 





Pattern of 16 bits used for 
figure drawing to pattern 
dotted, daslied, etc. iines 



Grapliics ciiaracter bytes 
. to be moved into dispiay 
memory with grapiiics 
ciiaracter drawing 



Dispiay Partition Area 1 
- starting address witti iow, 
middie, and liigli significance 
fields (word address) 



Length of Dispiay Partition 

- Area 1 with iow and high 
significance fields (line count) 

in mixed mode, a 1 indicates an 
image or graphics area, and a 
indicates a character area. In 
graphics mode this bit must be 0. 
When 1, the DAD is incremented 
every other dispiay cycle. 

Dispiay Partition Area 2 

- starting address and 
length with image 
bit as in area 1 



Command Bytes Summary 



RESET1 

RESET2 

RESETS 

BLANK1 

BLANK2 

SYNC 

VSYNC 

CCHAR 





















































































1 


































1 








1 


































1 1 


DE 





































1 





DE 


































1 1 1 


DE 

























1 


1 





1 1 1 


11* 

























1 








10 11 























START 

ZOOM 

CURS 

PRAM 

PITCH 

WDAT 

MASK 

FIGS 

FIGD 

GCHRD 

RDAT 

CURD 

LPRD 

DMAR 

DMAW 

















1 


1 





10 11 



















1 











1 1 



















1 








10 1 
















111 


SA 



















1 








111 






















1 


TYPE 





MOD 



















1 








10 10 



















1 








110 



















1 


1 





110 



















1 


1 





10 
















1 1 


TYPE 





MOD 
















1110 






















1 


1 




























1 1 


TYPE 


1 


MOD 






















1 


TYPE 


1 


MOD 

















E 



Video Control Commands 

Reset 



RESETX: 


















Blanit the display, enter 
Idle mode, and initialize 
within the HGDC: 
-FIFO 

— Command Processor 

— Internal Counters 











































This command can be executed at any time and does 
not modify any of the parameters already loaded into 
the HGDC. 

If followed by the parameter bytes, this command also 
sets the sync generator parameters as described below. 
Idle mode is exited with the START command. 



RESET1 
RESET2 
RESETS 



Resync video timing in slave mode. 
Blank the display and so not resync. 
Unblank the display and do not resync. 
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In graphics mode, a word is a group of 16 pixels. In 
character mode, a word is one character code and its 
attributes, if any. The number of active words per line 
must be an even number from 2 to 256. An all-zero 
parameter value selects a count equal to 2" where n = 
number of bits in the parameter field for vertical 
parameters. All horizontal widths are counted in display 
words. All vertical invervals are counted in lines. 

If the Drawing Hold (DH) is set to one, pin 21 
(LPEN/DH) is used as the drawing hold control pin. 
When the input to LPEN/DH is held highforoverfour2 
X WCLK clocks, the drawing address output is temp- 
orarily held and the display address is output. 

The HGDC allows an even or odd number of lines per 
frame. Selection is via the VL flag, the seventh bit of the 
sixth parameter byte following a RESET or SYNC 
command. When VL is 0, an odd number of display lines 
is generated. 



VH 



Blank status Bit Definition 



Status register bit 6 indicates horizontal blank 



1 



Status register bit 6 indicates vertical blanl( 



PH is the most significant bit (9) of the display pitch 
parameter. Use the PITCH command to set the lower 
eight bits. 

SYNC Generator Period Constraints 

Horizontal Back Porch Constraints 

1. In general: 

HBP ^ 3 Display Word Cycles (6 clock cycles). 

2. If the Image bit or WD mode changes within one 
video field: 

HBP ^ 5 Display Word Cycles (10 clock cycles). 

3. If interlaced, mixed mode, or split screen is used: 
HBP ^ 5 Display Word Cycles (10 clock cycles). 






c 


F 


1 


D 


G 


S 




AW 


VSl 


HS 



V 



- Active Display Words per 
line - 2 Must be even 
number with bit ^^ 



- Horizontal Sync Width - 1 
' Vertical Sync Width, low bits 



HFP 


VS„ 



- Vertical Sync Width, high bits 



-Horizontal Front Porch Width - 1 



DH 


PH 


HBP 


VH 


VL 


VFP 


ALl 



T 



- Horizontal Back Porch Width - 1 

- Vertical Front Porch Width 



- Active Display Lines per 
Video Field, high bits 



Vertical Bacl< Porch Width 



VL 



Number of lines in Interfaced mode 



Odd, as in 7220 



Even 



When VH = 0, status operation is as in yuPD7220. 



Horizontal Front Porch Constraints 

1. In general: 

HFP ^ 2 Display Word Cycles (4 clock cycles). 

2. If the GDC is used in video sync Slave mode: 
HFP ^ 4 Display Word Cycles (8 clock cycles). 

3. If the Light Pen is used: 

HFP ^ 6 Display Word Cycles (12 clock cycles). 

4. If interlaced mode, DIVIA, or ZOOM is used: 
HFP ^ 3 Display Word Cycles (6 clock cycles). 

Horizontal Sync Constraints 

1. if interlaced display mode is used: 

HS ^ 5 Display Word Cycles (6 clock cycles). 

2. If DRAM Refresh is enabled: 

HS ^ 2 Display Word Cycles (4 clock cycles). 

Modes of Operation Bits 



c 




G 




Display Mode 












Mixed graphics and character 







1 




Graphics mode 


1 









Character mode 


1 




1 




Invalid 




1 


s 






Video Framing 










Non-interlaced 





1 




Invalid 




1 







Interlaced repeat field for character displays 


1 


1 




Interlaced 
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Repeat Field Framing: 2 field sequence with 1/2 
line offset between 
otherwise identical fields. 

Interlaced Framing: 2 field sequence with 1/2 

line offset. Each field 
displays alternate lines. 

Non-interlaced Framing: 1 field brings all the 

information to the screen. 

D Dynamic RAM Refresh Cycles Enable 

No refresh— static RAM 



Refresh— dynamic RAM 



Dynamic RAM refresh is important when high display 
zoom factors or DMA are used in such a way that not all 
of the rows in the RAMs are regularly accessed during 
display raster generation and for otherwise inactive 
display memory. 



Drawing Time Window 



Drawing during active display time and retrace blanking 



Drawing only during retrace blanking 



Access to display memory can be limited to retrace 
blanking intervals only, so that no disruptions of the 
image are seen on the screen. 

Both commands allow a reset while preventing re- 
initialization of the internal sync generator by an 
external sync source (slave mode). 



RESET2 
RESETS 




































1 
































1 





1 





















Vertical Sync Mode 

When using two or more HGDCs to contribute to one 
image, one HGDC is defined as the master sync 
generator, and the others operate as its slaves. The 
VSYNC pins of all HGDCs are connected together. 









VSYNC: 


Oil 0111 


M 








L 






Sync — Slave Mode 

1 -Generate & Output Vertical 
Sync — Master Mode 



SYNC Format Specify 

This command also loads parameters into the sync 
generator. The various parameter fields and bits are 
identical to those at the RESET command. The HDGC 
is not reset nor does it enter idle mode. 



1 1 1 DE 






c 


F 


1 


D 


G 


S 




AW 


VSl 


HS 



. The display is enabled by 
a 1, and blanked by a 0. 



- Active display words per line 2 
Must be even number with 
bit ^ 0. 



V 



T 



-Vertical Sync Width, high bits 



- Horizontal Front Porch Width - 1 



DH 


PH 


HBP 


VH 


VL 


VFP 


ALl 



V 



- Horizontal Back Porch Width - 1 
-Vertical Front Porch Width 



_Active Display Lines per Video 
Field, high bits 



-Vertical Back Porch Width 



E 



Slave Mode Operation 

A few considerations should be observed when syn- 
chronizing two or more HGDCs to generate overlayed 
video via the V/EXT SYNC pin. As mentioned above, 
the Horizontal Front Porch (HFP) must be four or more 
display cycles wide. This is equivalent to eight or more 
clock cycles. This gives the slave HGDCs time to 
initialize their internal video sync generators to the 
proper point in the video field to match the incoming 
vertical sync pulse (VSYNC). This resetting of the 
generator occurs just after the end of the incoming 
VSYNC pulse, during the HFP interval. Enough time 
during HFP is required to allow the slave HGDC to 
complete the operation before the start of the HSYNC 
interval. 
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Once the HGDCs are initialized and set up as master 
and slaves, they must be given time to synchronize. It is 
a good idea to watch the VSYNC status bit of the 
master HGDC and wait until after one or more VSYNC 
pulses have been generated before the display progess 
is started. The START command will begin the active 
display of data and will end the video synchronization 
process, so be sure there has been at least one VSYNC 
pulse generated to which the slaves can synchronize. 

Cursor and Character Characteristics 

In graphics mode, LR should be set to 0. The blink rate 
parameter controls both the cursor and attribute blink 
rates. The cursor blink-on time = blink-off time = 2 x 
BR (video frames). The attribute blink rate is always 
one-half the cursor rate but with a 3/4-on-1/4-off duty 
cycle. All three parameter bytes must be output for 
interlaced displays, regardless of mode. For interlaced 
displays in graphics mode, the parameter BRl = 3. 

When SE = 0, the HGDC, in slave mode, detects the 
falling edge of EX. SYNC on the first frame. When SE = 
1 , the HGDC, in slave mode, detects the falling edge of 
EX. SYNC on every frame. 



CCHAR: 


10 1 


1 1 
















/ 






PI 


DC 


SE 





LR 


-^ 




V 


\ 














P2 


BRl 


sc 


CTOP 






\ ^ 










\ 


\ 
















P3 


CBOT 


BRu 


*- 








\ 









-External SYNC Enable 
. Lines per character row 
- Display Cursor If 1 



- Blinking Cursor 

1 - Steady Cursor 
Blink Rate, lower bits 



- Blink Rate, upper bits 



Display Control Commands 

Start Display and End idle iVIode 

The START command generates the video signals as 
specified by the RESETX or SYNC command. 



START: 










1 


1 


1 1 













Display Blanlcing Control 

BLANK2 does not cause the resyncing of an HGDC in 
slave mode. BLANK1 does cause the resyncing of an 
HGDC in slave mode. 



BLANK1: 
BLANK2: 






























1 





DE 


.— — The display is enabled 
by a 1, and blanked by 
aO. 


































DE 





















Zoom Factors Specify 

Zoom magnification factors of 1 through 16 are avail 
able using codes through 15, respectively. 



ZOOM: 
PI 






■« — - Zoom factor for graphics 
character writing and area 
filling 


10 


110 






DISP 


GCHR 


\ 











Cursor Position Specify 

In character mode, the third parameter byte is not 
needed. The cursor is displayed for the word time in 
which the display scan address (DAD) equals the 
cursor address. In graphics mode, the cursor word 
address specifies the word containing the starting 
pixel of the drawing; the dot address value specif ies the 
pixel within that word. 



CURS: 
PI 
P2 
P3 










-« — Execute Word Address, 
low byte 

-« — Execute Word Address, 
middle byte 


1 


1 





1 










EAD 










EAD 










dAD 


WG 





EAD 


Word Address, top bits 


\ 






^ 
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When the WG bit is set to one, any data following the 
WDAT command is written as is. When the WG bit is set 
to zero, the 7220A performs as the 7220 does: The 
pattern written is determined by the least significant bit 
of each parameter byte following the WDAT command. 
This bit is expanded into 16 identical bits which form 
the pattern. 

Parameter RAM Load 

From the starting address, SA, any number of bytes 
may be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of para- 
meter bytes is determined by the next command byte 
entered into the FIFO. The parameter RAM stores 16 
bytes of information in predefined locations which 
differ for graphics and character modes. See the 
parameter RAM discussion for bit assignments. 









PRAM: 


1 11 


SA 






i 






parameter RAM 

— 1 to 16 bytes to be loaded 

intottie parameter RAM 
starting at ttie RAM address 
specified by SA 


P, 




1 




P„ 









Pitch Specification 

This value is used during drawing by the drawing 
processor to find the word directly above or below the 
current word, and during display to find the start of the 
next line. 

The Pitch parameter (width of display memory) is set 
by two different commands. In addition to the PITCH 
command, the RESET (or SYNC) command also sets 
the pitch value. The "active-words-per-line" parameter, 
which specifies the width of the raster-scan display, 
also sets the pitch of the display memory. Note that the 
AW value is two less than the display window width. 
The PITCH command must be used to set the proper 
memory width larger than the window width. 



PITCH: 








111 










PI: 


P 



- Number of word addresses 
in display memory in the 
horizontal direction 



Drawing Control Commands 

Write Data into Display Memory 

Upon receiving a set of parameters (two bytes for a 
word transfer, one for a byte transfer), one RMW cycle 
into video memory is done at the address pointed to by 
the cursor EAD. The EAD pointer is advanced to the 
next word, according to the previously specified 
direction. More parameters can then be accepted. 

For byte writes, the unspecified byte is treated as all 
zeros during the RMW memory cycle. 

In graphics bit-map situations, only the LSB of the 
WDAT parameter bytes is used as the pattern in the 
RMW operations. Therefore it is possible to have only 
an all ones or all zeros pattern. If the WG bit of the third 
parameter of the CURS command is set to one, any 
byte following the WDAT command is written as is. In 
coded character applications all the bits of the WDAT 
parameters are used to establish the drawing pattern. 

The WDAT command operates differently from the 
other commands which initiate RMW cycle activity. It 
requires parameters to set up the Pattern register while 
the other commands use the stored values in the 
parameter RAM. Like all of these commands, the 
WDAT command must be preceded by a FIGS com- 
mand and its parameters. Only the first three para- 
meters need be given following the FIGS opcode to set 
up the type of drawing, the DIR direction, and DC 
value. The DC parameter +1 will be the number of 
RMW cycles done by the HGDC with the first set of 
WDAT parameters. Additional sets of WDAT para- 
meters will see a DC value of which will cause only 
one RMW cycle to be executed per set of parameters. 














RMW Memory cycle 

Logical Operation: 

■• REPLACE with Pattern 

•• COMPLEMENT 

■• RESET to zero 

-• SET to 1 


WDAT: 


1 


TYPE 





MOD 










L 




1 
1 


0- 

1 - 

0- 

1 - 






1 
1 



0-« 




— 


Word, Low then High byte 


^ 


























-• Word Low Data Byte or 

Single Byte Data value 

-* Word transfer only: 

High Data Byte 


P1 


WORD^ OR BYTE 












P2 
etc. 


WORDh 
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Mask Register Load 

This command sets the value of the 16-bit Mask 
register of the figure drawing processor. The Mask 
register controls which bits can be modified in the 
display memory during a read-modify-write cycle. 

The Mask register is loaded both by the MASK com- 
mand and the third parameter byte of the CURS 
command. The MASK command accepts two para- 
meter bytes to load a 16-bit value into the Mask 
register. All 16-bits can be individually one or zero, 
under program control. The CURS command, on the 
other hand, puts a 1-of-16 pattern into the Mask 
register based on the value of the Dot Address value, 
dAD. If normal single-pixel-at-a-time graphics figure 
drawing is desired, there is no need to do a MASK 
command at all since the CURS command will set up 
the proper pattern to address the proper pixels as 
drawing progresses. For coded character DMA, and 
screen setting and clearing operations using the WDAT 
command, the MASK command should be used after 
the CURS command if its third parameter byte has 
been output. The Mask register should be set to all 
ones for any "word-at-a-time" operation. 



Figure Drawing Parameters Specify 



MASK: 
PI 
P2 












Low significance byte 
Higli significance byte 


1 





1 


1 















Ml 












Mh 













I I 1 I. r 



d 


DCl 








, 







GD 


DCh 


> 




\ 




Rn 




Mix 


d 


Dl 










') 







Dh 










d 


D2, 








^ 







D2h 


; 










d 


D1, 








_. 







D1„ 


; 










'd 


DMl 








^ 







DM„ 


I 



• Drawing Direction Base 

Figure Type Select Bits-. 

— Line (Vector) 

— Graphics Character 

— Arc/Circle 

— Rectangle 

— Slanted Graphics Character 



- DC Drawing Parameter 



Graphics Drawing flag for use in 
Mixed Graphics and Character Mode 



- D Drawing Parameter 



- D2 Drawing Parameter 



-D1 Drawing Parameter 



-DM Drawing Parameter 



-The parameters take on 
different interpretations for 
different figure types. 



Valid 


Figure 


Type Select Combinations 


SL R 


A 


GC 


L 


Operation 














Character display mode drawing, 
individual dot drawing, DMA, WDAT, 
and RDAT 











1 


Straight line drawing 








1 





Graphics character drawing and 
area filling with graphics character 
pattern 





1 








Arc and circle drawing 


1 











Rectangle drawing 


1 





1 





Slanted graphics character drawing 
and slanted area filling 



Figure Draw Start 

On execution of this instruction, the HGDC loads the 
parameters from the parameter RAM into the drawing 
processor and starts the drawing process at the pixel 
pointed to by the cursor, EAD, and the dot address, 
dAD. 



FIGD: 












1 


1 1 


1 


















Only these bit combinations assure correct drawing 
operation. 
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Graphics Character Draw and Area Filling Start 

Based on parameters loaded with the FIGS command, 
this command initiates the drawing of the graphics 
character or area filling pattern stored in parameter 
RAM. Drawing begins at the address in display memory 
pointed to by the EAD and dAD values. 



GCHRD: 














1 


1 


1 























Data Read Commands 

Read Data from Display Memory 

Using the DIR and DC parameters of the FIGS com- 
mand to establish direction and transfer count, multiple 
RMW cycles can be executed without specification of 
the cursor address after the initial load (DC = number 
of words or bytes). 

As this instruction begins to execute, the FIFO buffer 
direction is reversed so that the data read from display 
memory can pass to the microprocessor. Any com- 
mands or parameters in the FIFO at this time will be 
lost. A command byte sent to the HGDC will im- 
mediately reverse the buffer direction back to write 
mode, and all RDAT information not yet read from the 
FIFO will be lost. MOD should be set to 00 if no 
modification to video buffer is desired. 



The following bytes are returned by the HGDC through 
the FIFO: 













\ 


A7 


EAD,. 


AO 


-» Execute Address (EAD), 

low byte 








P2r 


A1S 


EADm 


A8 


im — Execute Address (EAD), 
middle byte 
















■\ 


P3 








EADh i, Execute Address (EAD), 












••d 


dADi^ 


-• Dot Address (dAD), low byte 


















^ Dot Address (dAD), high byte 


P5 


OADh 













The execute address, EAD, points to the display 
memory word containing the pixel to be addressed. 

The dot address, dAD, within the word is represented 
as a 1-of-16 code for graphics drawing operations. 

Light Pen Address Read 



LPRD: 
















1 1 


































E 



The following bytes are returned by the HGDC through 
the FIFO: 



RDAT: 










1 1 


TYPE 





MOD 







































Cursor Address Read 



CURD: 














1110 









































A7 


LAO,^ 


AO 


-• Light Pen Address, low byte 














A15 


LADm 


AS 


-• Light Pen Address, 

middle byte 


















>-A°M 


— Light Pen Address, high byte 













The light pen address, LAD, corresponds to the display 
word address, DAD, at which the light pen input signal 
is detected and deglitched. 

The light pen may be used in graphics, character, or 
mixed modes but only indicates the word address of 
light pen position. 
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DMA Control Commands 

DMA Read Request 



DMA Write Request 



OMAR : 1 



- Data Transfer Type: 

Word, Low then High Byte 

Low Byte of the Word 

High Byte of the Word 

invaiid 






1 


TYPE 


1 


MOD 










0—- 








1— - 








1 0-«- 

















RMW Memory Logical Operation: 

— REPLACE with Pattern 

— COMPLEMENT 

— RESET to Zero 

— SET to One 
Data Transfer Type: 

— Word, Low then High Byte 

— Low Byte of the Word 

— High Byte of the Word 

— Invalid 



AC Characteristics 

Ta = to +70°C; Vcc = 5.0 V ±10%; GND = V 





Symbol 


7220A0 Limits 


7220AD-1 Limits 


7220AD-2 Limits 




Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Unit Test Conditions 


Read Cycle (GDC -* — * 


CPU) 
















Address setup to 
RDi 


tAR 

















ns 


Address hold from 
RDt 


tRA 

















ns 


RD pulse width 


tRH1 


tRDi + 20 


tRCY-1/2tcLK 


tRDi + 20 


tRCY-1/2tcLK 


tRDi +20 


tRCY-1/2tcLK 


ns 


Data delay from 
RDl 


tRDI 




75 




65 




55 


ns Cl = 50 pF 


Data floating from 
RDt 


tDF 





75 





65 





55 


ns 


RD pulse cycle 


tRCY 


4tcLK 




4tcLK 




4tCLK 




ns 


Write Cycle (GDC * — 


►CPU) 
















Address setup to 

mi 


Uw 

















ns 


Address hold from 
WRt 


tWA 


10 




10 




10 




ns 


WR pulse width 


tww 


80 


twCY - tCLK 


70 


tWCY - tCLK 


60 


twCY - tCLK 


ns 


Data setup to WRt 


tow 


65 




55 




45 




ns 


Data hold from WRt 


%D 







10 




10 




ns 


WR pulse cycle 


twCY 


4tcLK 




4tCLK 




4tcLK 




ns 
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AC Characteristics (cent) 

Ta = to +70°C; Vcc = 5.0 V ±10%; GND = 


= 0V 
















Symbol 


7220AD Limits 


7220AD-1 Limits 


7220AD-2 Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Test Conditions 


DMA Read Cycle (GDC ' 


' — 'CPU) 


















DACK setup to 
RDi 


^KR 

















ns 




DACK hold from RDT 


tRK 

















ns 




RD pulse width 


tRR2 


tRD2 + 20 




tRD2 + 20 




tRD2 + 20 




ns 




Data delay from RDi 


tRD2 




1.5tcLK + 80 




1.5tcLK + 70 




1.5tcLK + 60 


ns 


Cl = 50 pF 


DREQ delay from 
2xWCLKt 


tREQ 




100 




85 




75 


ns 


Cl = 50 pF 


DREQ setup to 
DACKi 


tQK 

















ns 




DACK high-level 
width 


tOK 


tCLK 




tCLK 




tCLK 




ns 




DACK pulse cycle 


tE 


4tcLK(1) 




4tcLK(1) 




4tcLK(1) 




ns 




DREQi delay from 
DACKi 


tKQ(R) 




tcLK + 100 




tcLK + 90 




tcLK + 80 


ns 


Cl = 50 pF 


DACK low-level 
width 


tLK 


2tcLK 




2tcLK 




2tcLK 








DMA Write Cycle |GDC 


* — 'CPU) 


















DACK setup to 
WRi 


tKW 

















ns 




DACK hold from WRT 


tWK 

















ns 




RMW Cycle (GDC * — * 


Display Memory) 
















Address/data 
display from 
2xWCLKt 


Ud 


20 


105 


20 


90 


15 


80 


ns 


Cl = 50 pF 


Address/data 
floating from 
2xWCLKt 


tOFF 


20 


105 


20 


90 


15 


80 


ns 


Cl = 50 pF 


Input data setup to 
2xWCLKi 


tDIS 

















ns 




Input data hold from 
2xWCLKi 


toiH 


tDE 




tDE 




tDE 




ns 




DBIN delay from 
2xWCLKi 


tDE 


20 


80 


20 


70 


15 


60 


ns 


Cl,= 50pF 


ale! delay from 
2xWCLKt 


tRR 


20 


80 


20 


70 


15 


60 


ns 


Cl = 50 pF 


ALEi delay from 
2xWCLKi 


tRF 


20 


65 


.20 


55 


15 


50 


ns 


Cl = 50 pF 


ALE high width 


tRW 


1/3tcLK 




1/3tcLK 




1/3tcLK 




ns 


Cl = 50 pF 


ALE low width 


tRL 


1.5tcLK-30 




1.5tcLK-30 




1.5tcLK-30 




ns 




Address setup to 
ALEi 


Ua 


30 




30 




30 









Note: 

(1 ) For high-byte and low-byte transfers: t^ = 5 Iclk- 
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AC Characteristics (cont) 

Ta = to +70°C; Vcc = 5.0 V ±10%; GND = 


= 0V 
















Symbol 


7220AD Limits 


7220AD-1 Limits 


722GAD-2 Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Test Conditions 


Display Cycle (GDC *— 


-^ Display Memory) 
















Video signal display 
from 2xWCLKt 


tVD 




90 




80 




70 


ns 


Cl = 50 pF 


Input Cycle (GDC * — - 


Display Memory) 
















Input signal setup to 
2xWCLKt 


tps 


10 




10 




10 




ns 




Input signal width 


tpw 


tCLK 




tCLK 




tCLK 




ns 




Clock (2xWCLK) 


Clock rise time 


tCR 




15 




15 




15 


ns 




Clock fall time 


tCF 




15 




15 




15 


ns 




Clock high pulse 
width 


tCH 


70 




61 




52 




ns 




Clock low pulse 
width 


tCL 


70 




61 




52 




ns 




Clock cycle 


tCLK 


165 


10000 


145 


10000 


125 


10000 


ns 





Capacitance 

Ta = 25 "C; Vcc = GND = V 



Limits 



Parameter 



Symbol Min Typ Max Unit 



Test 
Conditions 



Input capacitance C|n 
10 capacitance C|o 



Output capacitance Cqut 20 pF 

Clock input C0 20 pF 

capacitance 



pF fc = 1 MHz 
pF Vi (unmeasured) 
:0V 



Absolute Maximum Ratings (Tentative) 


Ambient temperature under bias 


0to+70°C 


Storage temperature 


-65 to +15000 


Voltage on any pin with respect to ground 


-0.5 to +7 V 


Power dissipation 


1.5 W 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device Is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 

Ta = to +70 °C; Vcc = 5 V ±10%; GND = V 







Limits 


Unit 


Test 


Parameter Symbol 


Min 


Typ 


Max 


Conditions 


Input low voltage V|l 


-0.5 




0.8 


V 


(Note 1) 


Input high voltage V|h 


2.2 




Vcc + 0.5 


V 


(Notes 2, 3) 


Output low voltage Vql 






0.45 


V 


lOL = 2.2 mA 


Output high voltage Vqh 


2.4 






V 


IOH = -400M 



DC Characteristics (cont) 

Ta = to +70°C; Vcc = 5 V ±10%; GND = V 





Symbol 




Limits 


Test 


Parameter 


Min 


Typ 


Max 


Unit Conditions 


input low leak 
current (except 
VSYNC, DACK) 


l|L 






-10 


/iA V| = 0V 


Input low leak 
current (VSYNC, 
DACK) 


l|L 






-500 


//A V| = 0V 


Input high leak 
current (except 
LPEN/DH) 


l|H 






+10 


fif^ V, = Vcc 


Input high leak 
current (LPEN/DH) 


l|H 






+500 


//A V| = Vcc 


Output low leak 
current 


lOL 






-10 


/^A Vo = OV 


Output high leak 
current 


'oh 






+10 


juA Vq = Vcc 


Clock input low 
voltage 


VCL 


-0.5 




0.6 


V 


Clock input high 
voltage 


VCH 


3.5 




Vcc + 10 


V 


Vcc supply current 


'cc 






270 


mA 



Note: 

(1) For2xWCLK, V|L = -0.5to+0.6V. 

(2) For 2xWCLK, V|h = +3.9 V to Vcc +1 V. 

(3) For WR, V|H = 2.5 V to Vcc +0-5 V. 
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AC Testing Conditions 

Input Waveform for AC Test (Except 2xCCLK) 



2.4 • 
0.45- 



2.2 2.2 

X- Test Points X 



f 



\ 



Output Waveform for AC Test 



^ 



^ 



2.0 



Clock Timing (2xCCLK) 



Timing Waveforms 

Microprocessor Interface Write Timing 



Timing Waveforms (cent) 

Microprocessor Interface DMA Write Timing 



HSYNC 



2xWCLK: 



DREQ: 




f 



X 



DACK: 



-j,^ 



WR: 



P 



♦tKW-"-!? =>-t„K* 

kt„„*j 

twH (WR t to HSYNC t ) » tcLK 
tKH (DACK i to HSYNC t ) » Iclk 




Microprocessor Interface DMA Read Timing 



AO" 

WR:' 

DBO-?:' 








Invalid ') 


Valid 


^" 


Invalid X Valid | 


- 


t..b 


►- 


. 


•WA 






^ 










low 


Invalid 


) 


Jvalid^ 


K 


Invalid 












wcv 










, 







HSYNC / 



2xWCLK: 



DREQ: 



DACK: 




RB: 



^^ * tB„, "^ "^ 



DB0~7:- 



High Impedance 



<J^^iid>[^h^^ 



*RKr*~ 

t„ 



Impedance 



Microprocessor Interface Read Timing 



AO: Invalid ) | Valid i ( Invalid Y 



^ 



DB0~7: 



High 



Impedance 



J 



■■tRDI*] 



"NL 






High Impedance 
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Timing Waveforms (cont) 

Display Memory Display Cycle Timing 



2xWCLK 



AD0~15 




ATT-BLINK-CLC 



Display Memory RMW Timing 



2xWCLK: j ' \ ] '^ \ 



AD0~15:- 



DBiri: 



A16, A17: 



ALE: 



El- 



^ 



E2 



Output Address 



y 



E3— ► 






In valid I ^*o| ^ 

Valid j rn Valid' : 



'tfi? 



Input Data, 

1 T 



*-E4- 



t M 

'off 



■ "Valid" j- 



Output Data 



-tRL- 



Dlsplay and RMW Cycles (1x Zoom) 



Display 
Cycle 



A16,17: I 



HSYNC; 

BLANK: 

V/EXT SYNC: 



V 



Output Address y- 






RMW 
Cycle 




Display or RMW 
Cycle 



k 



Output Address ^ ^ Input Data ) ( Output Data X Output Address y— 



:x 



\ 
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Timing Waveforms (cont) 

Display and RMW Cycles (2x Zoom) 
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Timing Waveforms (cont) 

Display and RMW Cycles (3x Zoom) 





r^ 1 






1 t ^ 






f 






ll ^ 

i 


' f^ 




?1 


<^ ^ 




^ 






■ 


i 








^V 




\ 














I 






it - 


L 




! 


i 






iro 

Si f^ 




y 








V 




f 












1 






' ) r 




i 










1 






^ > 


^ ^ 




c 


























^s \ 
















, 


I 






5 r 


■^ 










° r f 




i 


I 








1, 






•^ > 


< 


- 


I 


5 J 










s = r^ 












ft. 


"n 


1 










i 


5 J 












1 Is^ 






!] 


















] f' 




• 


I 










c 








■^ 


^ 




f |> 


1— f 


- 


^ 






2XWCLK 

ALE 
DBIN 

ADO-15 
A16. 17 

BLANK 
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Timing Waveforms (cont) 

Light Pen and External Sync Input Timing 



Clock Timing (2xWCLK) 



LPEN,- 
EX. SYNC: 



>zd: 



2xWCLK:_^ii' \. 



"tTH— t 



\_ 



"cH — 3.5v 



Video Sync Signals Timing 



2XWCLK: 
HBLANK:_yA 
HSYNC: 



y\. 



x 



y 



^oo^^5^y^ 



X 



jcii:z::y: 



DC 



x::::i)c 



x:::dc 



iijc 



I 



o-i=OQOc::xx)oc::xxxx:::::::::::::::::::::::::::xxxx::x)c 



LCO-ArjQ^ 



DC 



DC 



ZJC 



:dc 



Row:2X; 



x: 



I 



Row:2X; 



X 



xz; 



DC 



DC 



^ 



x: 



1 V (Frame) - 



Interlaced Video Timing 



^■■j] n_n n_n rui n n n_n n__rL_ 



r 



I I 



VSYNC: 
(Interlace)' 



VSYNC: 
(No Interlace)- 
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Timing Waveforms (cont) 

video Horizontal Sync Generator Parameters 



HBLANK: 




























1 








"1 


HSYNC: 


















► HFP 




HS 




HBP — 





















Video Vertical Sync Generator Parameters 



h 



Cursor— Image Bit Flag 



—J U t CLK 

JUUUl 

r-ff if- 



-ff-1 



CRS-lmage 



.^-^n. 



-ff fh 



x4 



Image 
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Video Field Timing 



Horizontal 

SYNC 

Pulse 



Horizontal 
Back Porch 
Blanking 



Vwtlcal SYNC Unas 



I 



Vertical Back Porch Blanked Unee 



Horizontal 
Front Porch - 
Blanking 



Active 
Display 
Lines 



Vertical Front Porch Blanked Lines 



Drawing intervals 



DIMA Request Intervals 




Dynamic RAM Refresh if Enabied, Otherwise 
Additional Drawing Interval 




'S 



DMA Request Interval 



Additional DMA Request Intervals 
When in Flash Mode 





6-191 



//PD7220A 



SEC 



Block Diagram of a Graphics Terminal 



Multiplane Display Memory Diagram 







I- - 





- 










DBO-7 





ALE ^ 








- 







~1 








^ 




Temiinal 
Processor 


Clock - 


piPD7220 
GDC 


Display 
Memory 






DBIN 


























Intertace 






^ 


Video 

Shut 

Register 


J 


ADDWDat. 








/ 










K 




















Data 












A-0 








Graphics 
Input 
Devices 


Interface 




Character 

Generator 

ROM 




) 






1 




DRQ 






/ 


Blanking 


























Video 
Output 
Circuit 


CRT 
Display 








HSYNC 




DMA 
Control 


DACK^ 


VSYNC 










ADDR 


LPEN 
























RAIUI 














Light Pen 
Detect 
Circuit 


























1 














ROM 




Serial 
Commu- 
nications 




Host 

Computer 




1 
















1 
1 














IVIass 

Storage 

Disk 


Controller 




Parallel 
Intertace 






\X 








1 
1_ 









1 
1 











X 


> 















—I Shift I 

k*' Registers 






COL 
MUX ■ 
ROW 



M 



^ 



£F^ 



r^ 



rV° 



3^ 



IT 



St 






> 5?* 



3^ 






1± 



ADR 



> 



3.^ 



5^ 



Char 
Gen 



— 1)''°^=)°°^ 



Character 
Video 
Output 
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Section 7 — CMOS System Support Products 

//PD71011 Clock Pulse Generator/Driver 7-3 

//PD71051 Serial Control Unit 7-11 

//PD71054 Programmable Timer/Counter 7-31 

//PD71055 Parallel Interface Unit 7-47 

//PD71059 Interrupt Control Unit 7-67 

//PD71071 DMA Controller 7-91 

//PD71082/83 8-Bit Latches 7-127 

/UPD71084 Clock Pulse Generator/Driver 7-131 

//PD71086/87 8-Bit Bus Buffer/Drivers 7-139 

//PD71088 System Bus Controller 7-143 

//PD82C43 CMOS Input/Output Expander for yuPD8048/C48 Family ....7-149 
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//PD71011 

CLOCK PULSE 

GENERATOR/DRIVER 



Description 

The juPD71011 is a clock pulse generator/driver for 
microprocessors and their peripherals using NEC's 
high-speed CMOS technology. 

Features 

D CMOS technology 

n Clock pulse generator/driver for yuPD701 08/701 16 

or other CMOS or NMOS CPUs and their 

peripherals 
D 50% duty cycle 
D Frequency source can be crystal or external clock 

input 
D Reset signal with Schmitt-trigger circuit for CPU 

or peripherals 
D Bus ready signal with two-bus system 

synchronization 
n Clock synchronization with other/uPD71011s 
n Single +5 V +10% power supply 
D Industrial temperature range: -40 to +85°C 



Pin Configuration 



Ordering Information 




Part Number 


Package Type 


Max Frequency 
of Operation 


//PD71011C 


18-pin plastic DIP 


20 MHz 


A(PD71011G 


20-pin plastic SO (available 3Q86) 


20 MHz 


Pin identification 


No. 


Symbol 


Function 




1 


CKSYN 


Clock synchronization input 




2 


PRCLK 


Peripheral clock output 




3 


RENi 


Bus ready enable input 1 




4 


RDYi 


Bus ready input 1 




5 


READY 


Ready output 




6 


RDY2 


Bus ready input 2 




7 


REN2 


Bus ready enable input 2 




8 


CLK 


Processor clock output 




9 


Vss 


Ground potential 




10 


RESET 


Reset output 




11 


RESIN 


Reset input 




12 


OSC 


Oscillator output 




13 


F/X 


External frequency source/crystal select input 


14 


EXFS 


External frequency source input 




15 


RDYSYN 


Ready synchronization select in 


put 


16 


X2 


Crystal input 




17 


XI 


Crystal input 




18 


Vdd 


+5 V Power supply 





CKSYN C 
PRCLK C 
RENi C 
RDYi C 
READY C 
RDYzC 
RlNaC 
CLK C 

vssc: 



H Vdd 

DX1 

3X2 

3 RDYSYN 

3 EXFS 

H F/X 

3 OSC 

3 RESIN 
3 RESET 



Pin Functions 

X1,X2 [Crystal] 

When F/X is low, a crystal connected to X1 and X2 will 
be the frequency source for a CPU and its peripherals. 
The crystal frequency should be two times the fre- 
quency of CLK. 

EXFS [External Frequency Source] 

EXFS input is the external frequency input in the 
external TTL-frequency source mode (F/X high). A 
square TTL-level clock signal two times the frequency 
of CLK's output should be used for the source. 

F/X [Frequency/Crystal Select] 

F/X input selects whether an external TTL-type input 
or an external crystal input is the frequency source of 
the CLK output. When F/X is low, CLK is generated 
from the crystal connected to XI and X2. When F/X is 
high, CLK is generated from an external TTL-level 
frequency input on the EXFS pin. At the same time, the 
internal oscillator circuit will go into stop mode and the 
OSC output will be high. 

CLK [Processor Clock] 

The CLK output supplies the CPU and its local bus 
peripherals' clocks. CLK is a 50% duty cycle clock of 
one-half the frequency of the external frequency 
source. The CLK output is +0.4 V higher than the other 
outputs. 

PRCLK [Peripheral Clock] 

The PRCLK output supplies a 50% duty cycle clock at 
one-half the frequency of CLK to drive peripheral 
devices. 
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OSC [Oscillator] 

OSC outputs a signal at the same frequency as the 
crystal input. When EXFS is selected, the OSC output 
is powered down, and its output will be high. 

CKSYN [Clock Synchronization] 

CKSYN synchronizes one //PDTIOII to other 
/yPD71011s. A high level at CKSYN resets the internal 
counter, and a low level enables it to count. 



RESIN [Reset] 

This Schmitt-trigger input generates the RESET out- 
put. It is used as a power-on reset. 

RESET [Reset] 

This output is a reset sig nal for the CPU. Reset timing is 
provided by the RESIN input to a Schmitt-trigger input 
gate and a flip-flop which will synchronize the reset 
timing to the falling edge of CLK. Power -on res et can 
be provided by a simple RC circuit on the RESIN input. 

RDYi, RDY2 [Bus Ready] 

A peripheral device sends RDYi or RDY2 to signal that 
the data on the system bu s has been received or is 
ready to be sent. RENi and REN2 enable the RDYi or 
RDY2 signals. 

Block Diagram 



RENi, REN2 [Bus Ready Enable] 

RENi and REN2 qualify their respective RDY inputs. 



RDYSYN [Ready Sychronization Select] 



RDYSYN selects the mode of READY signal synchroni- 
zation. A low-level signal makes the synchronization a 
two-step process. This is used when RDYi and RDY2 
inputs are not synchronized to CLK. A high-level signal 
makes synchronization a one-step process. This is 
used when RDYi and RDY2 are synchronized to CLK. 
See Block Diagram. 

READY [Ready] 

The READY signal to the processor is synchronized by 
the RDY inputs to the processor CLK. READY is 
cleared after the RDY signal goes low and the guaran- 
teed hold time of the processor has been met. 




^ 




^2 Sync 




>- 



^ 
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Crystal 

The oscillator circuit of the //PD71011 works with a 
parailel-resonant.fundamenta! mode, "AT cut" crystal 
connected to pins X1 and X2. 

Figure 1 showsthe recommended circuit configuration. 
Capacitors C1 and C2 are required for frequency 
stability. The values of C1 and C2 (CI = C2) can be 
calculated from the load capacitance (Cl) specified by 
the crystal manufacturer. 



Cl = 



C1 xC2 



^ Cl + C2 



Cs 



Where CS is any stray capacitance in parallel with the 
crystal, such as the/7PD7101T input capacitance Cjn- 

Figure 1. Crystal Configuration Circuit 






^PD71011 



Absolute Maximum Ratings 

(Ta = 25°C,Vss = 0V) 



Power supply voltage, Vqd 


- 0.5 to + 7.0 V 


Input voltage, V| 


-1.0VtoVDD + 1.0V 


Output voltage, Vq 


-0.5VtoVDD + 0.5V 


Power dissipation, Pdmax 


500 mW 


Operating temperature, Topt 


-40°Cto + 85°C 


Storage temperature, Tstg 


-65°Cto + 150°C 



Comment: Exposing the device to stresses above tliose listed in the 
absolute maximum ratings could cause permament damage. Expo- 
sure to absolute maximum ratings for extended periods may affect 
device reliability. 



DC Characteristics 

(Ta -40 to +85 °C, Vdd = 5 V ± K 





Symbol 


LimM 




Units 


Test 


Parameter 


Min 


Max 


Conditions 


Input voltage high 


V|H 


2.2 




V 




Input voltage high 


V|H 


2.6 




V 


RESIN only 


Input voltage low 


V|L 




0.8 


V 




Output voltage high 


VOH 


Vdd -0.8 




V 




Output voltage high 


VOH 


Vdd -0.4 




V 


CLK, 

Iqh = -4 mA 


Output voltage low 


Vol 




0.45 


V 


loL = 4 mA 


Input current leakage 


l|L 


-1.0 


1.0 


AiA 




RDYSYN input current 


l| 


-400 


1.0 


/"A 




RESIN input hysteresis 


Vh 


0.25 




V 




Power supply current 
(dynamic) 


lODdyn 




30 


mA 


F|n = 20MHz 


Power supply current 
(static) 


Idd 




200 


/vA 




Capacitance 

(Ta = 25°C,Vdd = +5V) 




Symbol 


LimM 




Units 


Test 


Parameter 


Min 


Max 


Conditions 


Input capacitance 


'^in 




12 


PF 


F = 1MHz 
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Limit 



Symboi Nlin Max Units Conditions 



toCK 



-6 



28 ns 



tCYPRK 



250 



tpWPRKH tCYCK-20 



tpWPRKL tcYCK-20 



ns 



tOPRKH 



22 ns 



tpPRKL 



22 ns 



tSRICK 



65 



tHCKRI 



20 



ns 



toCKRS 



40 ns 



tSRERY 



15 



ns 



AC Characteristics AC Characteristics (cent) 

(@ fosc = 10 MHz, Vdd = 5 V ± 10%, Ta = -40 to +85 °C) (@ fosc = 1° MHz, Vqd = 5 V ± 10%, Ta = -40 to +85 °C) 

(@ fosc = 16 MHz, Vdd = 5 V ± 5%, Ta = -10 to +70°C) (@ fosc = 16 MHz, Vdd = 5 V ± 5%, Ta = -10 to +70°C) 

Limit ^ . 
Test 

Parameter Symboi iWin Max Units Conditions Parameter 

EXFS cycle time Icyfs 50 ns OSC to CLK i delay 

EXFShigh tpsH 20 ns From 90% to PRCLK cycle time 

^°°^° ^i" PRCLK high 

EXFS low tpsL 20 ns From 10% to oar, u lo.., 

10%ofVin ^^^^^ '"'^ 

OSC frequency fpsc 8 20 MHz ^^^J^ ^° ^^^^^ ^ 

CKSYN width tpwcT 2tcYFS ns CLK \ to PRCLK i 

CKSVN hold for EXFS tHPSCT 20 ns~ ^^ 

(active) resin to CLK i setup 

CKSYN setup (inactive) tscTFS 20 ns CLK i to RESJN hoid~ 

CLK cycle time tcYCK 125 ns__ CLK \ to RESET delay 

CLK high tpwcKH 50 ns Test point 3.0 V, RENi 2toRDYi 2 

fosc = 16 MHz gg^^jp' 

80 ns Test point S.OV, CLK i to RENi 2 hold 

fosc = 10 MHz ^ 

— — RDYi 2 to CLK I 

CLK low tpwcKL 60 ns Test pomt 1.5 V, getun 

fosc = 16 MHz 

-■■■ RDYi 2 to CLK t 

90 ns Test pomt 1.5 V, ggiup 

fosc = 10 MHz -. 

— — ^^ CLK i to RDYi 2 hold 

CLK rise time tiHCK 8 ns Testpoint 1.5 V . — ' , 

to 3.0 V, RDYSYN t to CLK i 

fosc = 16 MHz setup 

io ns" Test pointTsV " CLK t to RDYSYN i 

to 3.0 V, hold 

fosc = 10 MHz CLK \ to READY t 

CLK fall time Ihlck ^ ns Test point 3.0 V output delay 

to 1-5 V, CLK] to READY i 

fosc = 16 MHz output delay 

10 ns Test point 3.0 V Riselime 

to 1.5 V, 

fpsc = 10 MHz Fa" time 

OSC to CLK t delay tocK 2 30 ns 



Test 



tHCKRE 







tSRYCK 



35 



ns RDYSYN high 



tSRYCK 



35 



ns RDYSYN low 



tHCKRY 







tSRYSCK 50 



tHCKRYS 



toCKRDY 



8 ns 



toCKRDY 



tLH 



20 ns 0.8 V to 2.0 V 



tHL 



12 ns 2.0 V to 0.8 V 



7-6 



SEC 



//PD71011 



Timing Waveforms 

Clock Output 



DC 



J ^. 



•DPRKH-* •• *DPRKL-» ■• ICYPR 



/ 



^^ 



RESET Output 




\ 



/ 



I 



\ 




Input/Output Waveform for AC Test 



;d( 



.SV ■• Test Point 



KZ 
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Timing Waveforms (cont) 

READY Output (RDYSYN High) 



RENi,2 



\ 



7^ 



-•-•SRYCK-^ 



/ 



/ 



/ 



\ 



tHCKRYS- 



\ 



\ 



READY Output (RDYSYN Low) 



\ 



tSRERY- 



RDYi,2 



/ 



/ 



\ 



IT 



/ 



1 



j^^ 



f 



H 



/ 



\ 
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Test Circuit for CLK Higii or Low Time (in 
Crystai Osciilation Mode) 















83-000201 A 






XI CLK 

X2 

71011 

F/X 
CKSYN 




Loadi 


Ci: 








T 






: C2: 



















Test Circuit for CLK Higli or Low Time (in 
EXFS Osciliation Mode) 







Vdd 








83-000202A 




1 


F/X CLK 

71011 
EXFS 

CKSYN 




Loadi 














Pulse 
Generator 




X 

















Test Circuit for CLK to READY (in Crystal 
Osciiiation Mode) 



I RENl 



Ci^ C2=: 

/77 /77 



X 



READY 
71011 
RDY2 

F/X 

REN2 OSC 

CKSYN 



Test Circuit for CLK to READY (in EXFS 
Osciliation Mode) 









Vdd 














F/X CLK 
RENl 

EXFS 

READY 
71011 

RDY2 

REN2 
CKSYN 




Loadi 
























Pulse 
Generator 


















Load 2 




































Pulse 
Generator 












/77 
















53-000204A | 



Loading Circuits 



P 



Vl = 2.5 V 

525 a 



::t Cl = 100 pF 



T' 



Vl = 2.3 V 
475 



Load 1 for CLK 



Load 2 for Other Output Except CLK 

83-000206A 
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//PD71051 
SERIAL CONTROL UNIT 



Description 

TheAjPD71051 serial control unit is a CMOS USART 
designed to provide serial data communications in 
microcomputer systems. The CPU uses it as a peri- 
pheral I/O device and programs it to communicate in 
synchronous or asynchronous serial data transmission 
protocols, including IBM bisync. 

The USART receives serial data streams and converts 
them into parallel data characters for the CPU. While 
receiving serial data, the USART can also accept 
parallel data from the CPU, convert it to serial, and 
transmit the data. The USART signals the CPU when it 
has received or transmitted a character and requires 
service. The CPU may read complete USART status 
data at anytime. 

Features 

D Synchronous operation 

One or two SYNC characters 

Internal/external synchronization 

Automatic SYNC character insertion 
D Asynchronous operation 

Clock rate: (baud rate) 

x1, x16, orx64 

Send stop bits: 1 , 1 .5, or 2 bits 

Break transmission 

Automatic break detection 

Valid start bit detection 
n Baud rate: DC - 240 kbit/s at x1 clock 
D Full duplex, double-buffered transmitter/receiver 
D Error detection: parity, overrun, and framing 
D Five- to eight-bit characters 
D Low-power standby mode 
D Compatible with standard microcomputers 
D Functionally equivalent to (except standby mode) 

and can replace the //PD8251AF 
D CMOS technology 
D Single +5 V ± 10% power supply 
D Industrial temperature range —40 to +85 °C 
D 28-pin plastic DIP or 44-pin plastic miniflat 



Ordering information 




Part Number 


Package Type 


Max. Frequency 
of Operation 


A(PD71051C 


28-pin plastic DIP 


8 MHz 


//PD71051G 


44-pin plastic miniflat 


8 MHz 


/L/PD71051L 


28-pin PLCC 
(available 3Q86) 


8 MHz 



Pin Configurations 

28-Pln Plastic DIP 













DaC 1 ^ 


^ 28 


3D^ 


DaC 


2 


27 


UDo 




RxDATA C 


3 


26 


1 Vdd 




GNDC 


4 


25 


^BxCLK 




D4C 


5 


24 


DBtr 




DsC 


6 g 23 


2 RTS 




DeC 


7 1 22 


3DSR 




DtC 


8 % 21 


J RESET 




TxCLK C 


9 


20 


ICLK 




wrC 


10 


19 


J TxDATA 




CSC 


11 


18 


3 TxEMP 




C/DC 


12 


17 


3CTS 




RDC 


13 


16 


3 SYNC/BRK 




RxRDY C 


14 


15 1 TxRDY 


83-000781 A 











44-Pin Plastic Miniflat 



u 

z 




III 

1= 




a 

3 




z 




1= 




u 

z 




& 




g 




Q 
U 




^ 




U 

z 



NC 1 1 1 




NC 1 1 1 




TxDATA 1 1 1 




CAX 1 1 1 




RESET III 




NC 1 1 1 




DSR 1 II 




RTS 1 1 1 




DTR 1 1 1 




NC 1 1 1 




NC 1 1 1 



A(PD71051 



23 
22X 



0|SiQorO«'J'«DO 

zjqoq-qoh^z 



NC 

NC 

WR 

TxCLK 

07 

NC 

06 

O5 

04 

NC 
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Pin Identification 



Plastic DIP 



Plastic Flatpack 



No 


Symbol 


Function 


1,2 


D2,D3 


Data bus, bits 2 and 3 


3 


RxDATA 


Receive data input 


4 


GND 


Ground 


5-8 


D4-D7 


Data bus, bits 4-7 


9 


TxCLK 


Transmitter clocl< input 


10 


WR 


Write strobe input 


11 


CS" 


Chip select input 


12 


C/D 


Control or data input 


13 


RD 


Read strobe input 


14 


RxRDY 


Receiver ready output 


15 


TxRDY 


Transmitter ready output 


16 


SYNC/BRK 


Synchronization/Break input/output 


17 


cTs 


Clear to send input 


18 


TxEMP 


Transmitter empty output 


19 


TxDATA 


Transmit data output 


20 


CLK 


Clock input 


21 


RESET 


Reset input 


22 


DSR 


Data set ready input 


23 


rTs 


Request to send output 


24 


DTR 


Data terminal ready output 


25 


RxCLK 


Receiver clock input 


26 


Vdd 


+5 V power supply 


27,28 


D0.D1 


Data bus, bits and 1 



No 


Symbol 


Function 


1,2 


NC 


Not connected 


3 


TxDATA 


Transmit data output 


4 


CLK 


Clock input 


5 


RESET 


Reset input 


7 


DSR 


Data set ready input 


8 


RTS 


Request to send output 


9 


dTr 


Data terminal ready output 


10-12 


NC 


Not connected 


13 


RxCLK 


Receiver clock input 


14 


Vdd 


-1-5 V pov\/er supply 


15,16 


Do,Dl 


Data bus, bits and 1 


17 


IC 


Internally connected (Do not connect 
any signal to pin 17) 


18,19 


D2,D3 


Data bus, bits 2 and 3 


20 


RxDATA 


Receive data input 


21 


GND 


Ground 


22-24 


NC 


Not connected 


25-27 


D4-D6 


Data bus, bits 4-6 


28 


NC 


Not connected 


29 


D7 


Data bus, bit 7 


30 


TxCLK 


Transmitter clock input 


31 


WR 


Write strobe input 


32-34 


NC 


Not connected 


35 


CS 


Chip select input 


36 


C/D 


Control or data input 


37 


RD 


Read strobe input 


38 


RxRDY 


Receiver ready output 


39 


NC 


Not connected 


40 


TxRDY 


Transmitter ready output 


41 


SYNC/BRK 


Synchronization/Break input/output 


42 


CTS 


Clear to send input 


43 


TxEMP 


Transmitter empty output 


44 


NC 


Not connected 
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Pin Functions 

D7- Do [Data Bus] 

D7-D0 are an 8-bit, 3-state, bidirectional data bus. Tiie 
bus transfers data by connecting to tine CPU data bus. 

RESET [Reset] 

A high level to the RESET input resets theyuPD71051 
and puts it in an Idle state. It performs no operations in 
the idle state. The yuPD71051 enters standby mode 
when this signal falls from a high level to a low level. 
Standby mode is released when the CPU writes a mode 
byte to the//PD71 051 . The reset pulse width must be at 
least 6 tcYK cycles and the clock must be enabled. 

CLK [Clock] 

This clock input produces internal timing for the 
//PD71051 . The clock frequency should be at least 30 
t imes th e transm itter or receiver clock input frequency 
(TxCLK, RxCLK) in sync or async mode with the XI 
clock. This assures stable operation. The clo ck 
frequenc y must be more than 4.5 times the TxCLK or 
RxCLK in async mode using x16 or x64 clock mode. 

CS [Chip Select] 

The CS input selects the //PD71051 . The//PD71051 is 
selected by setting CS = 0. When CS = 1 , the//PD71 051 
is not selected, the data bus (D7-D0) is in the high 
impedance state, and the RD and WR signals are 
ignored. 

RD [Read Strobe] 

The RD input is low when reading data or status 
information from the A/PD71 051. 

WR [Write Strobe] 

The WR input is low when writing data or a control byte 
tothe/uPD71051. 

C/D [Control or Data] 

The C/D input determinesjthe data type when accessing 
the yuPD71051. When C/D = 1, the data is a control 
byte (table 1) or status. When C/D = 0, the data is 
character data. This pin is normally connected to the 
least significant bit (Aq) of the CPU address bus. 

DSR [Data Set Ready] 

DSR is a general-purpose input pin that can be used for 
modem control.Thestatusofthis pin can be determined 
by reading bit 7 of the status byte. 



DTR [Data Terminal Ready] 

DTR is a general-purpose output pin that can be used 
for modem control. The state of this pin can be 
controlle d by w riting bit 1 of the com man d byte. If bit 1 
= 0, then DTR = 1. If bit 1 =1,then DTR = 0. 

RTS [Request to Send] 

RTS is a general-purpose output pin that can be used 
for modem control. The status of this pin can be 
controlle d by writing bit5of the co mman d byte. If bit 5 
= 1,then RTS = 0. If bit 5 = 0, then RTS = 1. 

CTS [Clear to Send] 

The CTS input controls data transmissi on. The 
//PD71051 is able to transmit serial data wh en CT S = 
and the command byte sets TxEN = 1. If CTS is set 
equal to 1 during transmission, the sending operation 
stops after sending all currently written data and the 
TxDATA pin goes high. 

TxDATA [Transmit Data] 

The yuPD71051 sends serial data over the TxDATA 
output. 

TxRDY [Transmitter Ready] 

The TxRDY output tells the CPU that the transmit data 
buffer in the //PD71051 is empty; that is, that new 
transmit data can be written. This signal is maske d by 
the TxEN bit of the command byte and by the CTS 
input. It can be used as an interrupt signal to request 
data from the CPU. 

The status of TxRDY can be determined by reading bit 
of the status byte. This allows the yuPD71051 to be 
polled. No te th at TxRDY of the status byte is not 
masked by CTS or TxEN. 

TxRDY is cleared to by the falling edge of WR when 
the CPU writes transmit data to the /JPD7^ 051 . Data in 
the transmit data buffer that has not been sent is 
destroyed if transmit data is written while TxRDY = 0. 

TxEMP [Transmitter Empty] 

The /uPD71051 reduces CPU overhead by using a 
double buffer; the transmit data buffer (second buffer) 
and the transmit buffer (first buffer) in the transmitter. 
When the CPU writes transmit data to the transmit data 
buffer (second buffer), theyuPD71051 sends data by 
transferring the contents of the second buffer to the 
first buffer, after transmitting the contents of the first 
buffer. 
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This empties the second buffer and TxRDY is set to 1 . 
The TxEi\/IP output becomes 1 when the contents of the 
first buffer are sent and the second buffer is empty. 
Thus, TxEMP = 1 shows that both buffers are empty, in 
half-duplex operation, you can determine when to 
changefrom sending to receiving by testing TxEMP = 1. 

When TxEIVIP = 1 occurs in async mode, the TxDATA 
pin goes high. When the CPU writes transmit data, 
TxEIVIP is set to and data transmission resumes. 

When TxEMP = 1 occurs in sync mode, the//PD71051 
loads SYNC characters from the SYNC character 
register and sends them through the TxDATA pin. 
TxEMP is set to and resumes sending data after 
sending (one or two) SYNC characters and the CPU 
writes new transmit data to the //PD71051 . 



TxCLK [Transmitter Clock] 



The TxCLK input is the reference clock input that 
determines the trans mission rate. Data is transmitted 
at the sa me rate as TxCLK in sync mode. In async 
mode, set TxCLK to 1, 16, or 64 times the transmission 
ra te. Seria l data from TxDATA is sent at the falling edge 
of TxCLK. 

For exampl e, a rate of 1 9200 baud in sync mode means 
that TxCLK is 19.2 kH z. A rat e of 2400 baud in async 
mode can represent a TxCLK of: 

x1 clock = 2.4 kHz 
x16 clock = 38.4 kHz 
x64 clock = 153.6 kHz 

RxDATA [Receive Data] 

The//PD71 051 receives serial data through the RxDATA 
input. 

RxRDY [Receiver Ready] 

The RxRDY output becomes 1 when the a»PD71051 
receives one character of data and transfers that data 
to the receive data buffer; that is, when the receive data 
can be read. This signal can be used as an interrupt 
signal for a data read request to the CPU. You can 
determine the status of RxRDY by reading bit 1 of the 
status byte and use they[/PD71051 in a polling applica- 
tion. RxRDY becomes when the CPU reads the 
receive data. 

Unless the CPU reads the receive data (after RxRDY = 
1 is set) before the next single character is received and 
transferred to the receive buffer, an overrun error 
occurs, and the OVE status bit is set. The unread data 
in the receive data buffer is overwritten by newly 
transferred data and lost. 



RxRDY is set to in the receive disable state. This state 
is set by changing the RxEN bit to through the 
command byte. After RxEN is set to 1 (making receiving 
possible), RxRDY becomes 1 whenever new characters 
are received and transferred to the receive data buffer. 

SYNC/BRK [Synclironization/Breai(] 

The SYNC pin detects synchronization characters in 
sync mode. The SYNC mode byte selects internal or 
external SYNC detection. The SYNC pin becomes an 
output when internal synchronization is set, and an 
input when external synchronization is set. 

The SYNC output goes high when the //PD71051 
detects a SYNC character in internal synchronization. 
When two SYNC characters are used, SYNC goes high 
when the last bit of the two consecutive SYNC 
characters is detected. You can read the status of the 
SYNC signal in bit 6 of the status byte. Both the SYNC 
pin and status are set to by a read status operation. 

In external synchronization, in order for the external 
circuit to dete ct synch ronization, a high level of at least 
one period of RxCLK must be input to the SYNC pin. 
When the//PD71051 detects the high level, it begins to 
receive data, starting at the rising edge of the next 
RxCLK. The high level input may be removed when 
synchronization is released. 

The BRK output is used only in async mode and shows 
the detection of a break state. BRK goes high when a 
low level signal is input to the RxDATA pin for two 
character bit lengths (including the start, stop, and 
parity bits). As with SYNC, you can read the status of 
BRK in bit 6 of the status byte. BRK is not cleared by the 
read operation. 

The set BRK signal is cleared when the RxDATA pin 
returns to high level, or when the//PD71051 is reset by 
hardware or software. The SYNC/BRK pin goes low on 
reset, regardless of previous mode. Figure 1 shows the 
break state and BRK signal. 



RxCLK [Receiver Cioci(] 



RxCLK is a reference clock input that controls the 
receive data rate . I n sync mode, the rece iving rate is the 
same as RxCLK. In async mode, RxCLK can be 1 , 1 6, or 
64 times the receive rate. Serial da ta from RxDATA is 
input by the rising edge of RxCLK. 

Vdd [Power] 

+5 V power supply. 

GND [Ground] 

Ground. 
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Table 1. 


Control Signals and Operations 


ZS RD 


m 


C/D 


/UPD710SI 


CPU Operation 





1 





Receive data buffer 

o 

Data bus 


Read receive data 





1 


1 


Status register 

o 

Data bus 


Read status 


1 








Data bus 

o 

Transmit data buffer 


Write transmit data 


1 





1 


Data bus 

o 

Control byte register 


Write control byte 


1 


1 


X 


Data bus: 
High impedance 


None 


1 X 


X 


X 


Data bus: 
Higti impedance 


None 



Block Diagram 



D7-Do^ 



Status 
Register 



Receive 
Data 
Buffer 



Transmit 
Data 
Buffer 



Control 
Register 



RESET < 
CLK< 
C/D< 



Control 
Logic 



1 



a 



-J— j,n 



Sync 
Character 



bCOZ 



Transmitter 

[witli 

Transmit 



■^ Buffer] 



X 



Receiver 

[with 
Receive 
Buffer] 



IT 



Modem 
Control 



>TxDATA 

> TxRDY 
> TxEMP 

> TxCLK 

> RxDATA 

> RxRDY 

> SYNC/ BRK 
>RxCU( 



» CTS 
» RTS 
» DSR 
»DTR 



Figure 1. Break Status and Break Signal 



8-bit Character, No Parity 



"I 



Character Bits 



Do 



-Stop Bit [2] 
-Start Bit 

Character Bits 



-First Data- 
Biocic 



-Second Data- 
Biocic [1] 



I- 



6-blt Character with Parity 



r- Start Bit 
Character Bits 



"I 



- Parity Bit 
-Stop Bit [2] 

- Start Bit 
Character Bits 



Do 



— Parity Bit 

— Stop Bit 
n- Start Bit 



-First Data- 
Block 



-Second Data- 
Block [1] 



[1 ] When RxDATA goes high in the sfop bit position of the second data block, 
the BRK signal level may [but does not always] become high for a 
maximum of one bit time. 

[2] Only one bit of the stop bit is checked. 



A/PD71051 Functions 

The//PD71051 is a CMOS serial control (USART) unit 
that provides serial communications in microcomputer 
systems. The CPU handles theyuPD71 051 as an ordinary 
I/O device. 

The//PD71051 can operate in synchronous or asynchro- 
nous systems. In sync mode, the character bit length, 
number of sync characters, and sync detection mode 
must be designated. In async mode, the communication 
rate, character bit length, stop bit length, etc., must be 
designated. The parity bit may be designated In either 
mode. 

The/;(PD71051 converts parallel data received from the 
CPU into serial transmitted data (from the TxDATA 
pin), and converts serial input data (from the RxDATA 
pin) into parallel data so that the CPU can read it 
(receiving operation). 

The CPU can read the current status of the//PD71051 
and can process data after checking the status, after 
checking for transfer errors, and //PD71 051 data buffer 
status. 

TheAfPD71051 can be reset under hardware or software 
control to a standby mode that consumes less power 
and removes the device from system operation. In this 
mode, the //PD71051's previous operating mode is 
released and it waits for a mode byte to set the mode. 
The fJPD7^05^ leaves standby mode and shifts to a 
designated operating mode when the CPU writes a 
mode byte to it. 
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Status Register 

The status register allows the CPU to read the status of 
the/wPD71051 except In standby mode. This register 
Indicates status and allows the CPU to manage data 
reading, writing, and error handling during operations. 

Receive Data Buffer 

When the receiver has converted the serial data input 
from the RxDATA pin into parallel data, the converted 
data is stored in the receive data buffer. The CPU can 
then read it. Data for one character entering the receive 
buffer is transferred to the receive data buffer and 
RxRDY becomes 1, requesting that the CPU read the 
data. 

Transmit Data Buffer 

The transmit data buffer holds the parallel data from 
the CPU that the transmitter will convert to serial data 
and output from the TxDATA p|n. When the CPU writes 
transmit data to the /JlPD7^05^, the //PD71051 stores 
data In the transmit data buffer. The transmit data 
buffer transfers the data to the transmitter, which 
sends the data from the TxDATA pin. 

Control Register 

This register stores the mode and the command bytes. 

Control Logic 

The control logic sends control signals to the internal 
blocks and controls the operation of the yuPD71051 
based on internal and external signals. 

Synchronous Character Register 

This register stores one or two SYNC characters used 
in sync mode. During transmission, the SYNC 
characters stored in this register are output from the 
TxDATA pin when the CPU does not send a new 
character and TxEMP status is set. During receiving, 
synchronization is established when the characters 
received and the SYNC characters stored in this 
register are the same. 

Transmitter 

The contents of the transmit data buffer are transferred 
to the transmitter, converted from parallel to serial, and 
output from the TxDATA pin. The transmitter adds 
start, stop, and parity bits. 



Receiver 

The receiver converts serial data input from the RxDATA 
pin into parallel data and transfers the parallel data to 
the receive data buffer, allowing the CPU to read it. 

The receiver detects SYNC characters and checks 
parity bits in sync mode. It detects the start and stop 
bits, and checks parity in the async mode. 

In async mode, receiving does not begin (the start bit is 
not detected) until one effective stop bit (high level) is 
input to the RxDATA pin and Receive Enable (RxEN = 
1) is set after setting up the mode. 

iVIodem Control 

This block controls the C TS, RTS, D SR, and DTR 
modem interface pins. The RTS, DSR, and DTR pins 
can also be used as general-purpose I/O pins. 



Absolute Maximum 

Ta = +25 "C 


Ratings 




Power supply voltage, Vqd 




-0.5 to +7.0 V 


Input voltage, V| 




-0.5 to Vdd + 0.3 V 


Output voltage, Vq 




-0.5toVDD + 0.3V 


Operating temperature, Tqpt 




-40°Cto+85°C 


Storage temperature, Tst& 




-65°Cto+150°C 


Power dissipation, PDmax 




LOW 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

Ta = +25°C,Vdd = 0V 








Umits 


Unit 


Test 


Parameter 


Symbol Min Max 


Conditions 


Input capacitance 


C| 10 


PF 


fc = 1MHz 
Unmeasured pins 


I/O capacitance 


C|o 20 


PF 


returned to V 
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AC Characteristics 

Ta = -40 °C to -1-85 °C, Vdd = +5 V, ±10% 



AC Characteristics 

Ta = -40°C to -h85°C, Vdd = +5 V, ±10% 





Symbol 


Limits 


Unit 


Test 


Parameter 


iVIin Max 


Conditions 


Read Cycle 


Address set-up 
toRDi 


tSAR 





ns 


CS,C/D 


Address hold 
from RD t 


^HRA 





ns 


CS,C/D 


RDlow 
level width 


tRRL 


150 


ns 





Data delay 
from RD i 



tORD 



120 



ns Cl = 150pF 



Data float 
from RD t 


tpRD 


10 


80 


ns 




Port (DSR, CTS) 
set-up to RD I 


tSPR 


20 




tCYK 




Write Cycle 


Address set-up 
to WR i 


tSAW 







ns 


CS, C/D 


Address hold 
from WR t 


^HWA 







ns 


CS,C/D 


WRIow 
level width 


twWL 


150 




ns 




Data set-up 
to WR t 


tSDW 


80 




ns 




Data hold 
from WR t 


tHWD 







'CYK 




Port (DTr, RTS), 
delay from WR t 


towp 




8 


tCYK 




Write recovery 


Irv 


6 




tCYK 


Mode Initialize 


time 


8 




tCYK 


Async Mode 




16 




tcYK 


Sync Mode 


Serial Transfer Timing 


CLK cycle time 


tCYK 


125 


DC 


ns 




CLKhigh 
level width 


tKKH 


50 




ns 




CLK low 
Level width 


tKKL 


35 




ns 




CLK rise time 


tKR 


5 


20 


ns 




CLK fall time 


tKF 


5 


20 


ns 




TxDATA delay 
from TxCLK 


tDTKTD 




0.5 


fjS 







Symboi 


Limits 


Unit 


Test 


Parameter 


MIn 


Max 


Conditions 


Serial Transfer Timing (cent) 


Transmitter input 
clock pulse 


tlKTKL 


12 




tCYK 


IxBR (1) 


width low level 




1 




tCYK 


16x,64xBR 


Transmitter input 
clock pulse 


tjKTKH 


15 




tCYK 


IxBR 


width high level 




3 




tCYK 


16x, 64xBR 


Transmitter input 


fTK(2) 


DC 


240 


kHZ 


IxBR 


clock frequency 




DC 


1536 


kHz 


16xBR 






DC 


1536 


kHz 


64xBR 


Receiver input 


tRKRKL 


12 




tCYK 


IxBR 


clock pulse 
width low level 




1 




tCYK 


16x, 64xBR 


Receiver input 


tRKRKH 


15 




tCYK 


IxBR 


clock pulse 
width high level 




3 




tCYK 


16x, 64xBR 


Receiver input 


fRK(2) 


DC 


240 


kHz 


IxBR 


clock frequency 




DC 


1536 


kHz 


16xBR 






DC 


1536 


kHz 


64xBR 


RxDATA set-up to 
sampling pulse 


tSRDSP 


1 




AiS 




RxDATA hold from 
sampling pulse 


tHSPRD 


1 




us 




TxEMP delay 
time (TxDATA) 


tOTXEP 




20 


tCYK 




TxRDY delay 
time (TxRDYt) 


tOTXR 




8 


tCYK 




TxRDY delay 
time (TxRDYi) 


^DWTXR 




200 


ns 




RxRDY delay 
time(RxRDYt) 


tORXR 




26 


tCYK 




RxRDY delay 
time(RxRDYi) 


tORRXR 




200 


ns 




SYNC output 

delay time 

(for internal sync) 


tORKSY 




26 


tCYK 




SYNC input 
set-up time 
(for external sync) 


tSSYRK 


18 




tCYK 




RESET pulse 
width 




6 




tCYK 






Note: 

(1) BR = Baud rate 

(2) 1xBR:fTKOrfRK<1/30tcLK, ■'6x,64xBR:fTKOrfRK21/4.5tcLK 

(3) System CLK Is needed during reset operation 

(4) Status update can liave a maximum delay of 28 tcvK from the 
event effecting the status. 
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DC Characteristics 

Ta = -40 °C to +8500, Vdd = +5 V ± 10% 



Write Data Cycle 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Input voltage 
high 


V|H 


2.2 


Vdd+0.3 


V 




Input voltage 
low 


V|L 


-0.5 


0.8 


V 




Output voltage 
high 


VOH 


.7xVdd 




V 


Ioh = -400a/A 


Output voltage 
low 


Vol 




0.4 


V 


Iql = 2.5 mA 


Input leakage 
current high 


'UH 




10 


M 


V| = Vdd 


Input leakage 
current low 


Ilil 




-10 


M 


V| = OV 


Output leakage 
current high 


Iloh 




10 


A/A 


Vo = Vdd 


Output leakage 
current low 


Ilol 




-10 


M 


Vo = OV 


Supply current 


Iddi 




10 


mA 


8 MHz operation 


IdD2 




50 


//A 


Stand-by mode 



Timing Waveforms 

AC Test Input 



2.4 V 
0.45 V 



IDC 



Write Recovery Time 



^ r 



Main Clock 
Ikr ■ Ikf 



jr 



t_j 



t 



U-tKKH-kJ 

/ — NU-y 

»CYK 



V 



1 




C/B 




)^ 










•saw 




tHWA 


cs 




\ 


« 










WR 






> 


^ 1 ,scw J\ !r£ 




D7-D0 








^ 






1 
«— IDWP— ^ 


DTR, RTS 




1 y 


TxRDY 




|« tDWTXR H 


-^ 


83-01 91 3A 



Read Data Cycle 



C/B 




-^ 


t 

L 








tSAR 




tHR/ 


CS 




\ 






tSPR . 


• tnnL J 




RD 






^-'-1/ 




1 Idrd 




tpRD 




D7-D0 




1 ^ ] 


< 




x 


1 




DSR, CTS 


1 



f 



\ 
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Timing Waveforms (cont) 

Transmitter Clock and TxDATA 



TxCLK[1xBR] 



TxCLK [16 X BR] 



\ 



u 



°1 

X 



|«-tDTKTD-*| 

ZIDC 



.r 



leTxCLK 
Cycle 



\ 

U-t 



•1 

X 



y 



•tKTKL .tTKTKH, 



M 



«-'dtktd-J 

zzx 



Receiver Clocl( and RxDATA Timing 



RxCLX [1 x BR] 



Internal 

Sampling 

Pulse 



"^. 



RxCLK[16xBR] 



Internal 

Sampling 

Pulse 



^ 



/ 



3ICYK 



"Y 



•-J*KKH 



z 



. 8rtxCLK_ 
Cycle 



3tCYK 



Ikkh 



,, c 



J' 



r\ 



.16RXCLK. 
Cycle 



.^-/~\ 



\ 



d 
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Connecting the//PD71051 to the System 

The CPU uses the //PD71051 as an I/O device by 
allocating two I/O addresses, set by the value of C/D. 
One I/O address is allocated when the level of C/D is 
low and becomes a port to the transmit and receive 
data register. The other I/O address is allocated when 
C/D is high and becomes a port to the mode, command, 
and status registers. Generally, the least significant bit 
(Aq) of the CPU address bus is connected to C/D to get 
a continuous I/O address. This is shown in figure 2. 

Pins TxRDY and RxRDY are connected to the CPU or, 
when interrupts are used, to the interrupt pin of the 
interrupt controller. 

Operating the //PD71 051 

Start with a hardware reset (set the RESET pin high) 
after powering on the //PD71051. This puts the 
ywPD71051 into standby mode and it waits for a mode 
byte. In async mode, the //PD71051 is ready for a 
command byte after the mode byte; the mode byte sets 
the communication protocol to the async mode. In 
sync mode, the//PD71051 waits for one or two SYNC 
characters to be sent after the mode byte; set C/D = 1 . 
A command byte may be sent after the SYNC characters 
are written. Figure 3 shows this operation sequence. 

In both modes, it is possible to write transmit data, read 
receive data, read status, and write more command 
bytes after the first command byte is written. The 
yuPD71051 performs a reset, enters standby mode, and 
returns to a state where it waits for a mode byte when 
the command byte performs a software reset. 

Figure 2. System Connection 



Figure 3. fiPDTIOSI Operating Procedure 



























CPU 
MEM/iO 

RD 
WR 










Address Bus 


> 


II 


Ao " 


Dal 


a Bus 


V 




a 




^ 




"• 




/ 
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Decoder 




A(PD71051 

D7-D0 

C/D 

CS 

RD 

WR 




\ K 












' 





































I Power-On 1 



Hardware Reset 



Write Mode Byte 









^Sync Mode?^ 


1 


> 




No 


^^^oubl^V»^ 






^N^haracte^^'^ 








]^es 




Write 




Write 




Sync Ch 


aracter 1 




Sync Cliaracter 1 








Write 








Sync Character 2 


























Write 










Command Byte 






Write/Read Data 



Write 
Command Byte 




Software 
Reset? 



[1] Tills Is done with C/D = 0. Others are operated with C/D = 1. 
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Mode Register 

When the //PD71051 is in standby mode, writing a 
mode byte to it will release standby mode. Figure 4 
shows the mode byte format for designating async 
mode. Figure 5 shows the mode byte format for 
designating sync mode. Bits and 1 must be 00 to 
designate sync mode. Async mode is designated by all 
other combinations of bits and 1. 

The P1 , PO and L1 , LO bits are common to both modes. 
Bits PI and PO (parity) control the generation and 
checking (sending and receiving) functions. These 
parity bit functions do not operate when PO = 0. When 
PI, PO = 01, the//PD71051 generates and checks odd 
parity. When P1 , PO = 11 , it generates and checks even 
parity. 

Bits LI and LO set the number of bits per character (n). 
Additional bits such as parity bits are not included in 
this number. Given n bits, the//PD71051 receives the 
lower n bits of the 8-bit data written by the CPU. The 
upper bits (8 -n) of data that the CPU reads from the 
/[/PD71051 are set to zero. 

The ST1 , STO and B1 , BO bits are used in async mode. 
The ST1 and STO bits determine the number of stop 
bits added by theyuPD71051 during transmission. 

The B1 and BO bits determine the relationship between 
the ba ud rate s for sendin g and receiving, and the 
clocks TxCLK and RxCLK. B1 and BO select a multi- 
plication rate of 1, 16, or 64 for the frequency of the 
sending and receiving clock relative to the baud rate. 
Multiplication by 1 is not normally used in async mode. 
Note that the data and clock must be synchronized on 
the sending and receiving sides when multiplication by 
1 is used. 

The SSC and EXSYNC bits are used in sync mode. The 
SSC bit determines the number of SYNC characters. 
SSC = 1 designates one SYNC character. SSC = 
designates two SYNC characters. The number of 
SYNC characters determined by the SSC bit are 
written to the //PD71 051 immediately after writing the 
mode byte. 

The EXSYNC bit determines whether sync detection 
during receiving operations is internal or external. 
EXSYNC = 1 selects external sync detection and 
EXSYNC = selects internal sync detection. 



Figure 4. Mode Byte for Setting Asynchronous Mode 



C/D = 1 
7 6 


5 4 


3 2 


1 










|ST1|ST0 


PI 1 PO 


L1 1 LO 


B1|B0| 


1 


L 1 


1 1 


1 1 


L_^ 


















B1 


BO 


Baud Rate 











X 1 Clock 


1 




X 16 Clock 


1 




X 64 Clock 










L1 


LO 


Character Length 

















5-bit 







6-bit 


1 




7-bit 


1 




8-bil 










P1 


PO 


Parity Generate/Check 














X 




No Parity 







Odd Parity 


1 




Even Parity 










ST1 


STO 


Transmit Stop Bits 





















Use Illegal 







1-bit 


1 




1-1/2 bit 


1 




2-bit 














x: don't care 

83-000786A 



Figure 5. 


Mode byte for Setting Synciironous Mode 


C/D = 1 

7 6 5 4 3 2 10 




|sSC|eXSYNC| P1 1 PC 1 L1 1 LO 1 1 








L 


^ V 






LI 


LO 


Character Length 












5-blt 





1 


6-bit 


1 





7-bit 


1 


1 


8-bit 










PI 


PO 


Parity Generate/Clieck 










X 





No Parity 





1 


Odd Parity 


1 


1 


Even Parity 










EXSYNC 


Sync Detect 













Internally [Output] 


1 


Externally [Input] 










SSC 


Sync Characters 













2 [BSC] 


1 


1 










x; don't care 

83-000 


787A 
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Command Register 

Commands are issued to theyuPD71051 by the CPU by 
command bytes that control the sending and receiving 
operations of the//PD71051. A command byte is sent 
after the mode byte (in sync mode, a command byte 
may only be sent after writing SYNC characters) and 
the CPU must set C/D = 1. Figure 6 shows the 
command byte format. 

Bit EH is set to 1 when entering hunt phase to 
synchronize in sync mode. Bit RxEN should also be set 
to 1 at that time. Data reception begins when SYNC 
characters are detected and synchronization is 
achieved, thus releasing hunt phase. 

When bit SRES is set to 1 , a software reset is executed, 
and the//PD71051 goes into standby mode and waits 
for a mode byte. 

Bit RTS controls the RTS output pin. RTS is low when 
the RTS bit = 1 , and goes high when RTS = 0. 

Setting bit ECL to 1 clearsthe error flags (PE, OVE, and 
FE) in the status register. Set ECL to 1 when entering 
the hunt phase or enabling the receiver. 

Bit SBRK sends a break. When SBRK = 1, the data 
currently being sent is destroyed and the TxDATA pin 
goes low. Set SBRK = to release a break. Break also 
works when TxEN = (send disable). 

Bit RxEN enables and disables the receiver. RxEN = 1 
enables the receiver and RxEN = disables the 
receiver. Synchronization is lost if RxEN = during 
sync mode. 

Bit DTR controls the DTR output pin. DTR goes low 
when the DTR bit = 1 and goes high when the DTR 
bit = 0. 

The TxEN bit enables and disables the transmitter. 
TxEN = 1 enables the transmitter and TxEN = 
disables the transmitter. When TxEN = 0, sending 
stops and the TxDATA pin goes high (mark status) 
after all the currently written data is sent. 

Status Register 

The CPU can read the status of the a(PD71051 at any 
time except when the A'PD71051 isjn standby mode. 
Status can be read after setting C/D = 1 and RD = 0. 
Status is not updated while being read. Status updating 
is delayed at least 28 clock periods after an event that 
affects the status. Figure 7 shows the format of the 
status register. 



The TxEMP and RxRDY bits have the same meaning as 
the pins of the same name. The SYNC/BRK bit general ly 
has the same meaning as the SYNC/BRK pin. In 
external synchronization mode, the status of this bit 
does not always coincide with the pin. In this case, the 
SYNC pin becomes an input and the status bit goes to 1 
when a rising edge is detected at the input. The status 
bit remains at 1 until it is read, even when the input level 
at the SYNC pin goes low. The status bit becomes 1 
when a SYNC character is input with the RxDATA 
input, even when the pin is at a low level. 

The DSR bit shows the status of the DSR input pin. The 
status bit is 1 when the DSR pin is low. 

The FE bit (framing error) becomes 1 when less than 
one stop bit is detected at the end of each data block 
during asynchronous receiving. Figure 8 shows how a 
framing error can happen. 

Figure 6. Command Byte Format 



EH I SRES |nTSJECL| SBRK | RxEN |dTR| TxEN 



TxEN 


Transmit Enable 





Disable 


1 


Enable 



DTR Pin Control 



Receive Enable 



TxDATA Pin 
Normal Operation 



TxDATA = 



No Operation 



Error Flag Clear 



RTS Pin Control 



Software Reset 



No Operation 



Reset Operation 



EH [11 



Enter Hunt Phase 



No Operation 



Enter Hunt Phase 



Note: 

[1 1 The EH bit Is effective only In SYNC mode. 
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The OVE bit (overrun error) becomes 1 when the CPU 
delays reading the received data and two new data 
bytes have been received. In this case, the first data 
byte received is overwritten and lost in the receive data 
buffer. Figure 9 shows how an overrun can happen. 

The PE bit (parity error) becomes 1 when a parity error 
occurs in a receive state. 

Figure 7. Status Register Format 



|dsr||^^'^^[fe|ove|pe[txemp|rxrdy[txrdy| 



Same as the Output Pin 
' Function witti the Same Name 



TxRDY 


Trasmit Data 
Buffer State 





Full 


1 


Empty 



Parity Error 



Overrun Error 



DSR Input 
Pin State 



Framing, overrun, and parity errors do not disable the 
/uPD71 051 's operations. All three error flags are cleared 
to by a command byte that sets the ECL bit to 1 . 

The TxRDY bit becomes 1 when the transmit data 
buffer is empty. The TxRDY output pin becom es 1 
when the transmit data buffer is empty, the CTS pin is 
low, and TxEN = 1 . That is, bit TxRDY = Transmit Data 
Buffer E mpty , pin TxRDY = (Transmit Data Buffer 
Empty).(CTS = 0).(TxEN = 1). 

Figures. Framing Error 



1 Character = 5-blt, No Parity, 1 Stop Bit 
[1] In the break state: 

.ITTTTT lIIk: 

t t \ 

itart Stop Start 

Bit Bit Bit 



Enter the Brealt State 

H-hH — 



Set because a stop bit 
should be here. 



[2] A large frequency difference between RxCLK and TxCLK: 



Sampling 
Pulse 



I I I I I I i_,_- Stop bl 

LLLLliyi 



This pulse sampl es the s top bit. Because of 
the freq uency of RxCLK Is lower than that of 
TxCLK the start bit Is sampled too late 
in time. 



[3] When data is changed during transmission; [Using less 
reliable transmission circuit, etc.] 

— «-iJrinjT^j^T,rLrv 



Stop Start 



"U^TLTUn 



Bit Bit Change 
Change 




Figure 9. Overrun Error 



OVE RxRDY 



Receive Data Buffer 
[Second Buffer] 



Receive Buffer 
[First Buffer] 



- ^ I I I I I IZD ^^^^^^-Char. 






I I I I I 



Chan 
Char 2 



V/A//}C — Char2 



^^^^^^-Char2 
^^^^^^^— Char2 
I I I I I ITT^k - Chars 



Char 1 1s not read by the CPU and is discarded on receipt of Char 2 
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Sending in Asynclironous IMode 

The TxDATA pin is typically in the high state (marking) 
when data is not being sent. When the CPU writes 
transmit data to the//PD71 051 , the//PD71051 transfers 
the transmit data from the transmit data buffer to the 
send buffer and sends the data from the TxDATA pin 
after adding one start bit (low level) and a programmed 
stop bit. If parity Is used, a parity bit Is inserted between 
the character and the stop bit. Figure 1 shows the data 
format for async mode characters. Serial data Is sent 
by the falling edge of the signal that divided TxCLK 
(1/1,1/16, or 1/64). 



When bit SBRK is set to 1, the TxDATA pin goes low 
(break status), regardless of whether data Is being 
sent. Figure 11 is a fragment of a typical program to 
send data in the async mode. Figure 12 shows the 
output from pin TxDATA. 

Figure 10. Asynchronous Mode Data Format 



No Parity 



Start 
Mark I Bit 



Do Di 



Pn-1 Dn 



Data Bits 
Do Di Dn-1 Dn 



TstoTI 

-■ Blt[s] ' 



Start I 
Mark I Bit 



r<h- 



I I StV| 



Data Bits 



n = 4, S, 6, 7 

Stop Bit = 1 bit, 1.5 bit, 2 bit 



Figure 11. Asynchronous Transmitter Example 



ASYNTX : 


CALL 


ASYNMOD 


;Set async mode 




MOV 


AL, 00010001 B 


;Command: clear error flag, transmit enable 




OUT 


PCTRL.AL 






MOV 


BW, OFFSET TXDADR 


;Transmit data area 


TXSTART : 


IN 


AL, PCTRL 






AND 


AL, 01H 






TEST 


AL, 01H 


;Read status 




BNE 


TXSTART 


;Walt until TxRDY = 1 




MOV 


AL, [BW] 


;Wrlte transmit data 




OUT 


PDATA, AL 






INC 


BW 


;Set next data address 




CMP 


AL, OOH 






BNE 


TXSTART 


;End if data = 




RET 






TXDADR 


DB 


•NEC 


;Transmlt data 4EH, 45H, 43H, 00 




DB 







ASYNMOD : 


MOV 


AL,0 


-.Writes control bytes three times 




OUT 


PCTRL, AL 


;wlth OOH to unconditionally 




OUT 


PCTRL, AL 


;accept the new command byte 




OUT 


PCTRL, AL 






MOV 


AL, 01000000B 


;Software reset 




OUT 


PCTRL, AL 






MOV 


AL,11111010B 


;Write mode byte 




OUT 


PCTRL, AL 


;Stop bit = 2 bits, even parity 




RET 




;7 bits/character, x16 clock 



Figure 12. TxDATA Pin Output 



— ;;:xraJLrLrLrLj~~irL 



start 
Stop 
Parity 



start 
stop 
Parity 



Start 
stop 
Parity 



' Stop 
■ Parity 
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Receiving in Asynchronous IVIode 

The RxDATA pin is normally in the high state when 
data is not being received, as shown in figure 13. The 
/uPD71051 detects the falling edge of a low level signal 
when a low level signal enters it. 

The//PD71051 samples the level of the RxDATA input 
(only when x16 or x64 clock is selected) in a position 
1/2 bit time after the falling edge of the RxDATA input 
to check whether this low level is a valid start bit. It is 
considered a valid start bit if a low level is detected at 
that time. If a low level is not detected, it is not regarded 
as a start bit and the/;(PD71051 continues testing for a 
valid start bit. 

When a start bit is detected, the sampling points of the 
data bits, parity bit (when used), and stop bit are 
decided by a bit coun ter. The sampling is performed by 
the rising edge of the RxCLK when an XI clock is used. 
When a x16 or x6 4 clock is used, it is sampled at the 
nominal middle of RxCLK. 

Figure 13. Start Bit Detection 



RxDATA [1] 
RxDATA [2] 



Bit Boundary 



V! 



Sampling 



M 



t t 

I Sampling 

J \ L___L 



Note: 

[1 ] Start bit Is not recognized because R x Data Is high at the sampling time. 

[2] Start is recognized because R x Data is low at the sampling time. 
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Data for one character entering the receive buffer is 
transferred to the receive data buffer and causes 
RxRDY = 1, requesting that the CPU read the data. 
When the CPU reads the data, RxRDY becomes 0. 

When a valid stop bit is detected, the //PD71051 waits 
for the start bit of the next data. If a low level is detected 
in the stop bit, a framing error flag is set; however, the 
receiving operation continues as if the correct high 
level had been detected. A parity error flag is set if a 
parity error is detected. An overrun error flag is set 
when the CPU does not read the data in time, and the 
next receiving data is transferred to the receive data 
buffer, overwriting the unread data. The yuPD71051's 
sending and receiving operations are not affected by 
these errors. 

If a low level is input to the RxDATA pin for more than 
two data blocks during a receive operation, the 
yuPD71 051 considers it a break state and the SYNC/BRK 
pin status becomes 1. 

In async mode, the start bit is not detected until a high 
level of more than one bit is input to the RxDATA pin 
and the receiver is enabled. Figure 1 4 is a fragment of a 
typical program to receive the data sent in the previous 
async transmit example. 




Figure 14. Asynclironous Receiver Example 



ASYNRX : 


CALL 


ASYNMOD 


;Set ASYNC mode 




MOV 


AL, 00010100B 


iCommand: clear error flag, receive 
;enable 




OUT 


PCTRUAL 






MOV 


BW, OFFSET RXDADR 


;Data store area 


RXSTART : 


IN 


AL, PCTRL 






AND 


AL, 02H 






TEST 


AL, 02H 


;Read status 




BNE 


RXSTART 


;Wait until RxRDY = 1 




IN 


AL, PDATA 


;Read and store the receive data 




MOV 


[BW], AL 






INC 


BW 


;Set next store address 




CMP 


AL, OOH 


;End if data = 




BNE 


RXSTART 






RET 






RXDADR 


DB 


256 DUP 


;Reserve receive data area 
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Sending in Synchronous iMode 

Following the establishment of sync mode and the 
enabling of the transmitter, theTxDATA pin stays high 
until the CPU writes the first character (normally, 
SYNC characters). When data is written, the TxD ATA 
pin s ends one bit for each falling edge of TxCLK if the 
CTS pin is low. Unlike async mode, start and stop bits 
are not used. However, a parity bit may be set. Figure 
15 shows these data formats. 

Once sending begins, the CPU mus t write d ata to the 
//PD71051 at the same rate as that of TxCLK. IfTxEMP 
goes to 1 because of a delay in writing by the CPU, the 
/[/PD71 051 sends SYNC characters until the CPU writes 
data. TxEMP goes to when data is written, and the 
data is sent as soon as transmission of SYNC characters 
stops. 



Figure 15. Synchronous Mode Data Format 



Character Data without Parity 



Do 



Dl 



—ih 



Character Data with Parity 



Do 



D1 



-ih 



Parity | 



- One Character with Parity - 



Figure 16. 


Synchronous Mode Transmit Timing 














TxDATA 

TxRDY 

[Pin] 

TxEMP 
WR 


No. of Sync characters = 2 [BSC] 
eTS = 








//PD71051 Transmits 
Automaticaliy 








Mari( 1 DataO 


1 Data 1 


1 


Data 2 | 


Data 3 | Data 4 | SYNC | 


SYNC 


1 Data 5 


Data 6 1 




SYNC Ch 


1 SYNCCh 

n 


r2 






Chrl 


Chr2 


J 1 




1 1 1 


J 


1 1 


1 1 


1 


1 






1 


_| l_ 


r 




Data Data 1 


Data 2 




Data 3 
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TxEN = 
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u 




u 


u 
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u 
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Figure 17. Issuing a Command During SYNC Character 
Transmission 



No. of Sync Characters = 1 

Data Bythe710S1 Bythe71051 BytheCPU 


TxDATA I 1 Sync | Sync | Sync 


Character Character Character 


TxRDY _| j } 




TxEMP r ~\ 


[2] [4] 


WR U U 

[1] (31 


RD U U 

Note: 

[1] Confirm the automatic trasmission of the SYNC 

character by the TxEMP status. 
[2] Write SYNC character data. 
[3] Confirm the beginning of SYNC character trasmission 

by the CPU by reading the status. 
[4] Write command word. 

83-000794A 
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Automatic transmission of SYNC characters begins 
after the CPU sends new data. SYNC characters are 
not automatically sent by enabling the transmitter. 
Figure 16 shows these timing sequences. 

If a command is sent to the /uPDTIOSI while SYNC 
characters are automatically being sent and TxEMP = 
1 , the /UPD71051 may interpret the command as a data 



byte and transmit it as data. If a command must be sent 
under these conditions, the CPU should send a SYNC 
character to the yuPD71051 and send the command 
while the SYNC character is being transmitted. This is 
shown in figure 17. 

Figure 1 8 is a fragment of a typical program for sending 
in sync mode. 



Figure 18. 


Synchronous 


Transmitter Example 




SYNTX : 


CALL 


SYNMOD 


;Set sync mode 




MOV 


AL, 00010001 B 


;Command; clear error 




OUT 


PCTRL, AL 


;flags, transmit enable 




MOV 


BW, OFFSET TXDADR 


;Start location of data area TxDADR 




MOV 


CL, LDLEN 


;Set number of bytes (LDLEN) to be transmitted 




MOV 


CH, OOH 




TXLEN : 


IN 


AL, PCTRL 


;Transmit the length byte 




AND 


AL, 01H 






BNE 


TXLEN 






MOV 


AL, LDLEN 






OUT 


PDATA, AL 




TXDATA : 


IN 


AL, PCTRL 






AND 


AL, 01H 






BNE 


TXDATA 


;Transmit the number of 




MOV 


AL, (BW) 


;bytes specified by LDLEN 




OUT 


PDATA, AL 






INC 


BW 






DBNZ 


TXDATA 






MOV 


AL, 00010000B 


;Command; clear error 




OUT 


PCTRL, AL 


;flags, transmit disable 




RET 






SYNC1 


DB 


? 


;SYNC character 1 


SYNC2 


DB 


? 


;SYNC character 2 


SYNMOD 


MOV 


AL, OOH 






OUT 


PCTRL, AL 


;Write control bytes 




OUT 


PCTRL, AL 


;three times with OOH to 




OUT 


PCTRL, AL 


;unconditionally accept the new 
;command byte 




MOV 


AL, 01000000B 


;Software reset 




OUT 


PCTRL, AL 






MOV 


AL, 00111100B 


;Write mode byte: 2 SYNC 




OUT 


PCTRL, AL 


.characters, internal sync detect, 
;even parity, 8 bits/character 




MOV 


AL, SYNC1 






OUT 


PCTRL, AL 


;Write SYNC characters 




MOV 


AL, SYNC2 






OUT 


PCTRL, AL 






RET 
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Receiving in Synchronous (Mode 

In order to receive in sync mode, synchronization must 
be established with the sending side. The first command 
after setting sync mode and writing the SYNC character 
must be EH = 1, ECL = 1, and RxEN = 1. When hunt 
phase is entered all the bits in the receive buffer are set 
to 1. In internal synchronization, data on the RxDATA 
pin is in put to the receive buffer for each rising edge of 
RxCLK and is compared with the SYNC character at 
the same time. Figure 19 shows this internal sync 
detection. 

When the receive buffer and the SYNC character 
coincide, and parity is not used, theA/PDyiOSI ends 
hunt phase and SYNC is set to 1 in the center of the last 
SYNC bit. When parity is used, SYNC becomes 1 in the 
center of the parity bit. Receiving starts with the bit 
which follows the bit when SYNC is set to 1. 

In external sync detection, synchronization is achieved 
by setting the SYNC pin high fr om an external circuit 
for at least one period of RxCLK. Hunt phase ends, and 
data reception can start. At this time, the SYNC status 

Figure 19. Internal Sync Detection Example 



bit becomes 1, and goes to when the status is read. 
The SYNC status bit is set to 1 when the SYNC input 
has a rising ed ge follow ed by a high level of more than 
one period of RxCLK, even after synchronization is 
achieved. 

The/yPD71051 can regain lost synchronization anytime 
by issuing an enter hunt phase command. 

After synchronization, the SYNC character is compared 
with each character regardless of whether internal or 
external synchronization is used. When the characters 
coincide, SYNC becomes 1, indicating that a SYNC 
character has been received. SYNC (SYNC status bit 
only in external detection) becomes when the status 
is read. 

Overrun and parity errors are checked the same way as 
in async mode, affecting only the status flag. Parity 
checking is not performed in the hunt phase. Figure 20 
is a fragment of a typical program that receives the data 
sent by the previous sync tr ansmit program example. 
Not e that th e frequencies of TxCLK on the transmitter 
and RxCLK on the receiver must be the same. 



5-bit Character, No Parity, 2 Sync Characters 

Sync Character 1 = 01100B, Sync Character 2 = 11001B 

Sync Character 1 Sync Character 2 

LSB IVISB LSB lUISB 

|o[oii|iloixixix {iioioiiiix:xx 


All bits are set to 1 by 
/ EH = 1. 






CPU Operation (l) ® ® © 
SYNC Receive Buffer 


J RxDATA Input 


Command EH=1 | X 


X 


X 


X 1 X 1 X 


X ; X 


X 1 X 


X 


X 


X 


^. 


X 


X 1 X 


El ^ 


-Mark 

- Sync Character 1 

- Sync Character 2 
Data 

83-000795B 


RxEN==1 I 1 


1 




1 1 1 1 1 




1 1 1 


1 


1 


1 


■f 






1 \*^ 1 


^^=1 [T] 


E 




1 1 1 1 1 




1 1 1 


1 


1 


1 


1 






E— ^J 


E 


^ 




1 ] 1 1 1 




1 1 1 


1 


1 


1 


in 






1 \* 




























E 


1 




1 1 1 j 1 




1 1 1 


1 


1 












1 1^ 




























» E 


■i 




1 1 1 1 1 




1 1 1 


1 








1 






1 \* 1 




























» E 


1 




1 1 1 1 1 




1 1 1 








1 


1 






E— 1 




























« E 


1 




1 1 1 1 1 




1 j 





1 


1 









E- — "- 




























E 


1 




1 j i 1 




1 1 


1 


1 





1 






E-— ^ 




























« E 


"1 , 




1 i 1 




1 1 1 


1 





1 









1 \* 




























E 


1 J 




1 1 1 1 




1 1 1 





1 


, 


, 






E^" 


° E 







1 1 1 ] 1 




1 1 


1 








^ 






E— 1 




























Read Status 1 { 







1 1 ] 1 




1 1 1 








1 


1 






E- — ' . 




























^0 pr 


1 




] 1 1 1 




1 1 





1 


1 









1 U 




/ d) ® ® ® ^ 

Cieared by Status Read 

X: don't care 

Note: 

Since the character is 5 bits, part 1 of the sync character register [lower 
five bits] is valid and part 2 doesn't matter. Similarly, in the receive 
buffer, part 3 is valid and part 4 is not used. SYNC = 1 when part 1 = 3. 
With parity, the LSB of part 4 is the parity bit, but it is not compared with 
the SYNC character. 
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Figure 20. Synchronous Receiver Example 



SYNRX : 


CALL 


SYNMOD 


;Set sync mode 




MOV 


AL, 10010100B 


iCommand: enter hunt 




OUT 


PCTRL, AL 


;phase, clear error flags, receive enable 




MOV 


BW, OFFSET RXDADR 


;Set receive data store address 


RXLEN : 


IN 


AL, PCTRL 






AND 


AL, 02H 






TEST 


AL, 02H 






BNE 


RXLEN 


;Receive the number of 




IN 


AL, DATA 


; receive data 




MOV 


STLEN, AL 


;Set the number of 




MOV 


CL, AL 


;receive data to both variable and 
;counter 




MOV 


CH, OOH 




RXDATA : 


IN 


AL, PCTRL 






AND 


AL, 02H 






TEST 


AL, 02H 






BNE 


RXDATA 


;Receive and store the 




IN 


AL, PDATA 


; number of data bytes 




MOV 


(BW),AL 


,stated by the counter 




INC 


BW 






DBNZ 


RXDATA 






MOV 


AL, OOOOOOOOB 


;Command: receive disable 




OUT 


PCTRL, AL 






RET 








STLEN 


DB? 


;Set number of receiver data 


RXDADR 


DB 


256 DUP (0) 


; Reserve receive data area 



Standby Mode 

The//PD71051 is a low-power CMOS device. In standby 
mode, It disables the ext ernal I nput clo cks to the Inside 
circuitry (CLK, TxCLK, and RxCLK), thereby con- 
suming less power. 

A hardware reset is one way to enter standby mode. 
The input of a high level to the RESET pin causes the 
//PD71051 to enter standby mode at the falling edge of 
the high level. A software reset command is the other 
way to enter standby mode. The only way to take the 
ywPD71 051 out of standby mode is to write a mode byte. 

In standby mode, the TxRDY, TxEMP, RxRDY , and 
SYN C/B RK pins are at low level and the TxDATA, DTS, 
and RTS pins are at high level. 

Figure 21 shows the timing for standby mode. While 
the internal standby signal is high, the external clocks 
totheiuPD71051 areignored. If data (C/D = 0) is written 
to theyuPD71051 in standby mode, the operations are 
undefined and unpredictable operation may result. 



Figure 21. Standby Mode Timing 



Hardware Reset 

RESET 



Internal 
Standby Signal 




Software Reset 



Internal 
Standby Signal 




Software Reset 
Command 
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/yPD71054 
PROGRAMMABLE 
TIMER/COUNTER 



Description 

The/uPD71054 is a high-performance, programmable 
counter for microcomputer system timing control. 
Three 16-bit counters, each with its own clock input, 
gate input, and OUT pin, can be clocked from DC to 
8 MHz. Under software control, the//PD71 054 can gen- 
erate accurate time delays. Initialize the counter, and 
the /UPD71054 counts the delay, and interrupts the 
CPU when the task is complete. This eliminates the 
need for software timing loops. 

The /yPD71054 contains three counters capable of 
binary or BCD operation. There are six programmable 
count modes. The counters operate independently and 
each can be set to a different mode. Use address lines 
Ai, Aq to select a counter and perform a read/write 
operation. 

Features 

n Three independent 16-bit counters 

D Six programmable counter modes 

n Binary or BCD count 

D Multiple latch command 

D Clock rate DC (standby mode) to 8 MHz 

D Low-power standby mode 

D CMOS technology 

D Single power supply, 5 V ±10% 

D Industrial temperature range -40 to +85°C 



Ordering Information 




Part 
Number 


Package Type 


Max Frequency 
of Operation 


^PD71054C 


24-pln plastic DIP 


8 MHz 


;uPD71054G 


44-pin plastic miniflat 


8 MHz 


//PD71054L 


28-pin PLCC 
(available 3Q86) 


8 MHz 



Pin Configurations 

24-Pln Plastic DIP 







■v^ 








D7C 1 


24 


3 Vdd 


DsC 


2 




23 


D WR 




DsC 


3 




22 


Drd 




D4C 


4 




21 


DCS 




D3I: 


S 


s 


20 


:ai 




D2I: 


6 





19 


3Ao 




DiC 


7 


Q 


IB 


1 CLK2 




DoC 


8 


a 


17 


2 0UT2 




CLKO C 9 




16 


D GATE2 




OUTOC 


10 




15 


DCLKI 




GATED C 


11 




14 


1 GATE1 




GNDC 


12 




13 


3 0UT1 
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44-Pin Plastic Miniflat 





z 




c 




Q 




a 




S 




u 

z 




> 


II 

[ 




u 

z 




u 

z 






z 



NC 1 1 1 




NC 1 1 1 




NC 1 1 1 




Di 1 1 1 




D^l 1 1 




NC 1 1 1 




Di 1 1 1 




DnI 1 1 




CLKO 1 1 1 




OUTO 1 1 1 




NCI 1 1 



U 

z 




u 

z 




^ 






5 




Q 

z 
a 




J 




- 




" 


u 

H 
< 




U 

z 






z 






z 



J NC 

u re 
n cs 

n Ai 

I] Ao 
D NC 
13 CLK2 
3 0UT2 
H GATE2 
U CLK1 
I] NC 



[1 ] Do not connect any signal with pin 17. 
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Pin Identification 



Pin Functions 



Plastic DIP 



No. 


Symbol 


Function 


1-8 


D7-D0 


Three-state, bidirectional data bus 


9,15,18 


CLKn 


Counter n clock input (n = 0-2) 


10, 13, 17 


OUTn 


Counter n output (n = 0-2) 


11,14,16 


GATEn 


Output to inhibit or trigger counter n 
(n = 0-2) 


12 


GND 


Ground 


19-20 


A0-A1 


Select counter input 0,1, or 2 


21 


CS 


Chip select 


22 


RD 


Read strobe 


23 


WR 


Write strobe 


24 


Vdd 


+5V 


Plastic Flatpack 


No. 


Symbol 


Function 


1-3, 6, 

11-14,20-23, 
28, 33-36, 
39,44 


NC 


Not connected 


40-43, 4, 5, 7, 8 D7-D0 


Three-state, bidirectional data bus 


9, 24, 27 


CLKn 


Counter n clock output (n = 0-2) 


10, 18, 26 


OUTn 


Counter n output (n = 0-2) 


15, 19, 25 


GATEn 


Output to inhibit or trigger counter n 
(n = 0-2) 


16 


GND 


Ground 


17 


IC 


Internally connected 


29,30 


A0-A1 


Select counter input 0, 1, or 2 


31 


CS 


Chip select 


32 


RD 


Read strobe 


37 


Wr 


Write strobe 


38 


Vdd 


+5V 



D7-D0 [Data Bus] 

These pins are an 8-bit tliree-state bidirectional data 
bus. Tinis bus is used to program counter modes and to 
read status and count values. The data bu^s active 
when CS = 0, and is high impedance when CS = 1 . 

CLKn [Counter Clock, n = 0-2] 

These pins are the clock input that determine the count 
rate for counter n. The clock rate may be DC (standby 
mode) to 8 MHz. 

OUTn [Counter Output, n = 0-2] 

These are the output pins for counter n. A variety of 
outputs is available depending on the count mode. 
When the /[/PD71054 is used as an interrupt source, 
these pins can output an interrupt request signal. 

GATEn [Counter Gate, n = 0-2] 

These output pins inhibit or trigger counter n according 
to the mode selected. 

Ai,Ao [Address] 

These input pins select the counter. Af, Aq equal to 00, 
01, or 10 selects counter 0, 1, or 2, respectively. The 
control register is selected when Ai, Aq equals 11. 
These pins are normally connected to the address bus. 

CS [Chip Select] 

When the CS input = 1,£ll the bits of the data bus 
become high impedance. CS must be low to access the 
/UPD71054. 

RD [Read Strobe] 

The RD input must be low to read data from the 
yuPD71054. 

WR [Write Strobe] 

The WR input must be low to write data to the 
yuPD71 054. The contents of the data bus are written to 
the /yPD71 054 at the rising edge of WR. 

Vdd [Power] 

-i-5V. 

GND [Ground] 

Ground. 
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Block Diagram 



^•°°{ "" ) 



Data Bus 
BuKer 

(81 



WR 
Ao 
A1 



0^ 



Read/Write 
Controller 



Control 
Register 



IC 

■i A- 



c 




c 



-CLK1 
• GATE1 



■CLK2 
GATE2 



Note: 

The Internal architecture of counters #1 and #2 is the same as counter #0. 




Block Functions 

Data Bus Buffer 

This is an 8-bit three-state bidirectional buffer that acts 
as an interface between the//PD71054 and the system 
data bus. The data bus buffer handles control com- 
mands, the count to be written to the count register, 
count data read from the count latch, and status data 
read from the status latch. 

Read/Write Control 

This circuit decodes signals from the system bus and 
sends control signals to other blocks of the/;(PD71054. 
Ai and Aq select one of the counters or the control 
register. A low sigjial on RD or WR selects a read or 
write operation. CS must be low to enable these 
operations. 

Control Register 

This is an 8-bit register into which is written the control 
command that determines the operating mode of the 
counter. Data is written to this register when the CPU 



executes an OUT command when Ai, Aq = 11. The 
contents of this register cannot be read if the CPU 
executes an IN command when Ai, Ao = 11. However, 
the multiple latch command allows you to read the 
mode and status of each counter. 

Counter n [n = 0-2] 

A 16-bit synchronous down counter performs the 
actual count operation within the counter. You can 
preset this counter and select binary or BCD operation. 

The count register is a 16-bit register that stores the 
count when it is first written to the counter. The count is 
transferred to the down counter and a count operation 
for a specified number of counts begins. 

The 8-bit width of the internal data bus permits the 
transfer of only eight bits at a time when the count is 
written to the count register. However, when data is 
written from the count register to the down counter, all 
1 6 bits can be written at once. When the count is written 
to the count register while the counter is in read/write 
one byte mode, a OOH is written to the remaining byte of 
the register. 
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The count latch normally holds the current value of the 
down counter. If the contents of the down counter 
change, the contents of the count latch also change so 
that the two values are the same. When the //PD71054 
receives a count latch command, the count latch 
latches the value of the down counter and holds it until 
the CPU can read it. When the data is read, the count 
latch returns to tracking the value of the down counter. 

When the mode specified is written to the counter, the 
lower six bits of the control register are copied to the 
lower six bits of the 8-bit status register. The remaining 
two bits show the status of the OUT pin and the null 
count flag. When the multiple latch command is sent to 
the counter, the current value of the status register is 
latched into the status latch. This data is held in the 
latch until the CPU can read it. 

The control logic controls each internal block according 
to the mode and the state of the CLK and GATE pins. 
The result is output to and sets the state of the OUT pin. 

Absolute Maximum Ratings 

Ta = +25°C 



DC Characteristics 

Ta = -40°C to +85''C, Vdd = +5 V ±10% 



Power supply voltage, Vdq 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to Vdd + 0-3 V 


Output voltage, Vq 


-0.5 to Vdd + 03 V 


Operating temperature, Tqpt 


-40°Cto85°C 


Storage temperature, Tstg 


-65°C to +15000 


Power dissipation, PD^ax 


LOW 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 

Ta = +25°C,Vdd = 0V 





Symbol 


Limits 


Test 


Parameter 


Min Max 


Unit Conditions 


Input capacitance 


C|N 


10 


pF fc = 1MH2 


I/O capacitance 


C|/o 


20 


P Unmeasured pins 
P returned to V 





Symboi 


Limits 


Unit 


Test 


Parameter 


Min Typ 


Max 


Conditions 


Input voltage 
high 


V|H 


2.2 


Vdd + 0.3 


V 




Input voltage 
low 


V|L 


-0.5 


0.8 


V 




Output voltage 
high 


Vqh 


0.7 
xVdd 




V 


Ioh = -400a(A 


Output voltage 
low 


Vol 




0.4 


V 


l0L = 2.5 mA 


Input leakage 
current high 


lUH 




10 


/"A 


V| = Vdd 


Input leakage 
current low 


lUL 




-10 


//A 


V|=OV 


Output leakage 
current high 


Iloh 




10 


M 


Vo = Vdd 


Output leakage 
current low 


Ilol 




-10 


/"A 


Vo = OV 


Supply current 


'ddi 




30 


mA 


8 MHz 




IdD2 


2 


50 


M 


Stand-by mode 


AC Ciiaracteristics 

Ta = -40 °C to +85 °C, Vdd = 5 V ±10% 




Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Read Cycle 


Address set-up 
toRDi 


tSAR 


30 




ns 




Address hold 
from RD t 


tHRA 


10 




ns 




CS set-up 
toRDi 


tSCR 







ns 




RDlow 
level width 


tRRL 


150 




ns 




Data delay 
from RD i 


tORD 




120 


ns 


Cl = 150pF 


Data float 
from RD t 


tpRD 


10 


85 


ns 


Cl = 20pF 

Rl = 2 kn 


Data delay 
from address 


tOAD 




220 


ns 


CL = 150pF 


Read recovery 
time 


tRV 


200 




ns 




Write Cycle 


Address set-up 
toWRi 


tSAW 







ns 




Address hold 
from WR t 


tRWA 







ns 




CS set-up 
to WR I 


tscw 







ns 




WRIow 
level width 


twwL 


160 




ns 
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AC Characteristics (cent) 

Ta = -40 °C to +85 °C, Vdd = 5 V ±10% 





Symbol 


Limits 


Unit 


Test 


Parameter 


iMin 


Max 


Conditions 


Write Cycle |cont| 


Data hold 
toWRt 


tSDW 


120 




ns 




Data hold 
from WR t 


'hwd 







ns 




Write recovery 
time 


tRV 


200 




ns 




CLK and Gate Timing 


CLK cycle time 


tCYK 


125 


DC 


ns 




CLK high 
level width 


tKKH 


60 




ns 




CLK low 
level width 


tKKL 


60 




ns 




CLK rise time 


tKR 




25 


ns 




CLK fall time 


tKF 




25 


ns 




GATE high 
level width 


tGGH 


50 




ns 




GATE low 
level width 


tGGL 


50 




ns 




GATE set-up 
to CLK t 


tSGK 


50 




ns 




GATE hold 
from CLK t 


tHKG 


50 




ns 




Clocl< delay from 
WR t (count 
transfer) 


tOWK 


100 




ns 


tKKH S 125 ns 


225- 
tKKH 




ns 


tKKH ^ 125 ns 


Clock set-up 
to WR t (latch) 


tSKW 


85 




ns 




GATE delay 
from WR t 


toWG 







ns 




OUT delay 
from GATE i 


tDGO 




120 


ns 


Cl = 150pF 


OUT delay 
from CLK i 


tOKO 




150 


ns 


Cl = 150pF 


OUT delay from 
WR t (initial out) 


towo 


295 




ns 


Cl = 150pF 



Note: 

AC timing test points for output Vqh = 2.2 V, Vql = 0.8 V 

Timing Waveforms 

AC Test Input 



!.4V yr: 

).4V ^ 



DCZ 



Timing Waveforms (cont) 

Read Cycle 




Write Cycle 



Ai.Ao ^ 










-• tSAW 


V 




.w.^ 


CS 


tsc 


«u 


twWL 






WR 


1 


^ 


1 


-• — 1 


SDW *■ 




\^ 


Dy- Do 


>: : 






83-001 789A 



Read/Write Recovery 




CLK and GATE Timing 



tKF 
'KR~^ "*~tDWK «KKH 




-yi-aicn ^ 



[1] The last 1 byte of count number writing. 

[2] Count iaicli command or multiple latch command. 
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Functional Description 

AfPD71054 System Configuration Example 

The CPU views the three counters and the control 
register as four I/O ports. A-| and Aq are connected to 
the Ai and Aq pins of the system address bu^ CS is 
generated by decoding the address and lO/MEM 
signals so that CS goes low when the address bus is set 
to the target I/O address and I/O is selected. These 
connections are shown in figure 1. 

You can use the //PD71054 in memory-mapped I/O 
configurations. However, the decoding should be such 
that CS goes low when memory is selected. 

Programming and Reading the Counter 

The counter must be programmed and the operating 
mode specified before you can use the /uPD71054. 
Once a mode has been selected for a counter, it 
operates in that mode until another mode is set. The 
count is written to the count register and when that 
data is transferred to the down counter, a new count 
operation begins. The current count and status can be 
read while the counter is in operation. Figure 2 outlines 
the steps of operation. 

Programming the Counter 

The/uPD71 054 is controlled by a microcomputer program. 
The program must write a control command to set the 
counter mode and write the count data that determines 
the length of the count operation. Table 1 shows the 
values for Ai and Aq that determine the target counter 
for write operations. 



Table 1. 


Write Operations (CS = 0,RD = 1, WR = 


= 0) 


Ai 


Ao 


Write Target 










Counter 







1 


Counter 1 




1 





Counter 2 




1 1 Control word register 



Control and Mode Setting 

The control command must be written to set the 
counter mode before operating the counter. If a write 
operation is performed when A^, Aq = 11, a control 
command is written to the control register. Figure 3 
shows the format of the 8-bit control command. 

Bits SCI and SCO specify a counter or the multiple 
latch command. When a counter is chosen, the spec- 
ifications described below apply to the counter. 



BitsRMWI and RMW2 specify the read/write operation 
to the counter or select the count latch command. 

Bits CM2, CM1 , and CMO set the counter mode (0 to 5). 

Bit BCD selects binary or BCD operation. The count 
may be to FFFFH in binary mode or to 9999 in BCD. 

If a control command written to the counter specifies a 
mode, the lower six bits of the control command are 
copied to the lower six bits of the status register of the 
counter selected by SCI and SCO. The mode selected 
remains in effect until a new mode is set. This is not true 
if the control command specifies the count latch or 
multiple latch command. 

Writing the Count 

The count is written to the counter after the mode is set. 
Set A-i, Ao to specify the target counter as shown in 
table 1 . A new count can be written to a counter at any 
time, but the read/write mode selected (when the mode 
was written) must be used when writing the count. 

I n high 1 -byte and low 1 -byte modes only, the higher or 
lower byte of the count register is written by the first 
write. The write operation ends and OOH is automatically 
written to the remaining byte by the/yPD71054. In the 
2-byte modes, the lower byte is written by the first write 
and the higher byte by the second. 

For example, if the 2-byte count 8801 H is written to a 
counter set in lower 1-byte mode, the lower byte (01 H) 
is written first, followed by the higher byte (88H). 
Therefore, the data written to the count register is 
0001 H for the first write and 0088H for the second. This 
is shown in Table 2. 

Table 2. Read/Write Mode and Count Write 



Read/Write Mode 


No. of 
Writes 


Count Register 
Higher Byte Lower Byte 


Low 1-byte 


1 


OOH 


nnH 


High 1-byte 


1 


nnH 


OOH 


Low/High 2-byte 


2 


nnH 
(2nd write) 


nnH 
(1st write) 



nnH = Two-digit hexadecimal value 

Reading the Counter 

The following three methods allow you to read the 
contents of the down counter during operation. In 
particular, the multiple latch command reads the 
current count data and the counter mode or the state of 
the OUT pin. Table 3 shows the values of Ai , Aq used to 
select the counter to be read. 
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Figure 1. Typical System Configuration 



Figure 2. Basic Operating Procedure 



CPU 

Ao 

Ai 

A7-A2 
JO/MEM 

RD 
Wr 

D7- Do 
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Ai 

CS 
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D7- Do 
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Start 




1 


Set Mode 



















' 


Write Count 


. 








ad ^^ 








4 


No 


. 


Latch Read 
Data 




1 




Read Data 














■^rite 




Yes 










No 






C '"" ) 















Figure 3. Control Register Format 



D7 Do D5 D4 D3 D2 Di Do 

SCI I SCO |rWM1|rWM0| CM2 I CM1 I CMO I BCD | 



Note: 

|1] CS = 0, RB = 0, WR = 1 

[2] See: Reading tlie Counter 



rx 



BCD 


Binary or BCD 





Binary Count [16 Bits] 


1 


BCD Count [4 Digits] 




CM2 


CM1 


CMO 


Count Mode[1] 











ModeO 








1 


Model 


X 


1 





Mode 2 


X 


1 


1 


Modes 


1 








Mode 4 


1 





1 


Modes 




RWM1 


RWMO 


Read/Write Mode 








Count Latch Command[2] 





1 


Lower Byte Only 


1 





Higher Byte Only 


1 


1 


Lower Byte then Higher 




SCI 


SCO 


Select Counter or Multiple 
Latch Command 








Counter # 





1 


Counter # 1 


1 





Counter # 2 


1 


1 


Multiple Latch Command[2I 
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Table 3. Read Operations (CS = 0, RD = 0,WR = 1) 



Al 


Ao 


Read Target 








Counter 





1 


Counter 1 


1 





Counter 2 



Directly Reading tlie Counter 

You can read the current value of the counter by 
reading the counter selected by Ai, Aq as shown in 
table 3. This involves reading the count latch; since the 
value of the down counter may change while the the 
count latch is read, this method may not provide an 
accurate reading. You must control the CLK or GATE 
input to stop the counter and read it for a correct 
reading. 

Using the Count Latcli Command 

When the count latch command is executed, the 
current counter value is latched into the counter latch. 
This value is held by the latch until it is read or until a 
new mode is set. This provides an accurate reading of 
the counter value when the command is executed 
without affecting counter operation. Figure 4 shows 
the format for the count latch command. 

If the counter value that was latched into the count 
latch is not read before a second count latch command 
is executed, the second command is ignored. This is 
because the counter value latched by the first command 
is held until it is read or until a new mode is set. When 
the data in the count latch is read, the latch is released 
and continues tracking the value of the down counter. 

Using the Multiple Latch Command 

When the multiple latch command is received, the 
counter value and status register for any counter may 
be selectively latched into the count latch and status 
latch. Bits D1-D5 of the multiple latch command specify 
the counter latching. The CPU can then read the status 
and counter value for the selected counter. Figure 5 
shows the format for this command. 

Bits CNT2, CNT1 , and CNTO correspond to counters 2, 
1, and 0. The command is executed for all counters 
whose corresponding bit is 1. This allows the data for 
more than one counter to be latched by a single count 
latch command. 

When the count bit is 0, the counter value of the 
selected counters is latched into the count latches. 



When the status bit is 0, the status of the selected 
counters is latched into the status latches. Bits D5-D0 
of the status register show the mode status of the 
counter. The output bit (D7) shows the state of the OUT 
pin of that counter. These bits are shown in figure 6. 
The null count bit (Dq) indicates whether the count 
data is valid. When the count is transferred from the 
count register to the down counter, this bit changes to 
to show that the data is valid. Table 4 shows how the 
null count flag operates. 

Table 4. Null Count Flag Operation 



Operation 



Null Count Flag 



Write control word for mode set 



1 



Write count to count register(1) 



Transfer count from count register to down counter 

Note: 

(1) When 2-byte mode is selected, the flag becomes 1 when the 
second byte is written. 



Figure 4. 



Control Register Format for Count Latch 
Command 



Or 


D6 


Ds 


D4 


D3 


D2 


Di 


Do 


1 SC1 


sco| 





» 











" 1 



^ 



SCI 


SCO 


Latch Target 








Counter # 





1 


Counter # 1 


1 





Counter # 2 


1 


1 


Multiple Latch Command 



When bits SCI and SCO are 11, the command Is not the count 
latch command; It is the multiple latch command. 



Figure 5. Control Register Format for Multiple Latcli 
Command 



D7 De D5 D4 D3 D2 Di Do 






1 1 1 1 |count|status|cnt2|cnti|cnto| 


1 

























Counter # Not Selected 








1 


Counter # Selected 













Counter # 1 Not Selected 








1 


Counter # 1 Selected 













Counter # 2 Not Selected 








1 


Counter # 2 Selected 













Latch Status 








1 


Do Not Latch Status 













Latch Count 








1 


Do Not Latch Count 
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If the data that was latched is not read before a second 
multiple latch command isexecuted, the second command 
is ignored for those latches whose contents have not 
been read. This is because the data latched by the first 
command is held until it is read or until a new mode is 
set. When the data in the latch is read, the latch is 
released. See figure 7. 

It is possible to latch both the count and status using 
two multiple latch commands. However, regardless of 
which data is latched first, the status is always read 
first. The count data is read by the next read operation 
(1 - or 2-step read as determined by read/write mode). If 
additional read commands are received, the count data 
that has not been latched (the contents of the down 
counter as reflected by the current counter value) is 
read. 

Read operations must be performed in accordance 
with read/write mode. In 2-byte mode, two bytes of 
data must always be read. This does not imply that the 
second byte must be read immediately after the first; 
other counter operations may be performed between 
the two reads. For example, you could read the lower 
byte, write a new lower byte, read the higher byte, and 
write a new higher byte. 

Definitions 

CLK pulse refers to the time from the rising to the 
falling edge of the CLKn input. 

Trigger refers to the rising edge of the GATEn input. 

The GATEn input is sampled at each rising edge of the 
CLKn input. The GATE input can be level or rising edge 
sensitive. In the latter case, counter n's internal flip-flop 
is set at the rising edge of the GATE signal, sensed at 
the rising edge of the next CLK pulse, and reset 
immediately. This allows edge-triggering to be sensed 
whenever it occurs. 



Figure 6. 


< 


>ta 


tus Data 
















Dj 


D6 


Ds D4 D3 D2 Di Do 






Output 


Null 
Count 


RWM1 


RWMO 


CM2 


CM1 


CMO 


BCD 














1 1 1 1 1 1 


















These bits show the mode 
setting of the counter. Each 
bit corresponds to that of the 
control register. 



















Count Data Valid 










1 


Count Data Invalid 















OUT Pin Low 












1 


OUT Pin High 
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Initial OUT refers to the State of the OUT pin immediately 
after the mode is set. 

Count transfer refers to the transfer from the count 
register to the down counter. The down counter is 
decremented at the falling edge of the CLK pulse. 

Count zero is the state of the down counter when the 
counter is decremented to zero. 

PCNTO, PCNT1, and PCNT2 are the I/O ports for 
counters 0, 1 , and 2, respectively. PCTRL is the I/O port 
for the control command. 

CW is the control command. 

HB is the higher byte of the count. 

LB is the lower byte of the count. 

In the timing charts foreach counter mode, counterO is 
in the read/write 1-byte and binary count mode. When 
no GATE signal appears in the charts, assume a high 
level signal. The value shown below the OUT signal is 
the counter value. The maximum value that can be set 
for the count in each mode is 0. When this value is set, a 
maximum value of 10000H (hexadecimal count) or 
10000 (BCD count) is obtained. 

Figure 7. Muitiple Latcfi Command Execution 
Example 
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Counter Modes 

Mode 0: Interrupt on End of Count. In this mode, the 
OUT output changes from low to high level when the 
end of the specified count is reached. See table 5 and 
figures. 



Table 5. 


Mode Operation 


Function 


Result 


Initial OUT 


Low level 


GATE High 


Count enable 


GATE Low 


Count disable 


Count Write 


The OUT pin goes low independent of the CLK pulse. 
In 2-byte mode, the count is disabled when the first 
byte is written. The OUT pin goes low. OUT goes low 
when a new mode or new count is written. 



Count When the count is written with GATE high: 

Transfer Transfer is performed at the first CLK pulse after the 

and count value is written. The down counter is decre- 

Operation mented beginning at the first CLK pulse after data 

transfer. If a count of n is set, the OUT pin goes high 
after n + 1 CLK pulses. 
When the count is written with GATE low: 
Transfer is performed at the first CLK pulse after the 
count is written. The down counter is decremented 
beginning at the first CLK pulse after the GATE 
signal goes high. If a count of n is set, OUT is low for 
a period of n CLK pulses after GATE goes high. 

Count Zero The signal at the OUT pin goes high. The count 

operation does not stop and counts down to FFFFH 
(hexadecimal) or 9999 (BCD) and continues to count 
down. 



Minimum Count 1 



Mode Program Example. This subroutine causes a 
delay of 10004 (decimal, or 271 OH) CLK pulses. In this 
program, counter 2 is set to 2-byte mode and binary 
count. See figure 9. 



SUBRO: 


MOV 


AL,10110000B 


;set mode: counter 2, 
;2-byte mode, 




OUT 


PCTRL.AL 


;count modeO, binary 




MOV 


AL.IOH 






OUT 


PCNT2,AL 






MOV 


AL,27H 


;write count 10000 (decimal) 




OUT 


PCNT2,AL 






RET 







Mode 1: GATE RetriggerableOne-Shot. In mode 1 , the 
//PD71054 functions as a retriggerable one-shot. A 
low-level pulse triggered by the GATE input is output 
from the OUT pin. See table 6 and figure 10. 

Table 6. Mode 1 Operation 



Function 



Result 



Initial OUT High level 



GATE Trigger(1) Count data is transferred at the CLK pulse after the 
trigger. 



Count Write 

Count 

Transfer and 
Operation 



Count Zero 



The count is written without affecting the current 
operation. 

Transfer is performed at the first CLK pulse after the 
trigger. At the same time, the signal at the OUT pin goes 
low to start the one-shot pulse operation. The count is 
decremented beginning at the next CLK pulse. If a count 
of n is set, the one-shot output from the OUT pin 
continues for n CLK pulses. 

The signal at the OUT pin becomes high. Count oper- 
ation does not stop and wraps to FFFFH (hexadecimal) 
or 9999 (BCD) and continues to count. 



Minimum Count 1 



Note: 

(1) The trigger is Ignored when the count has not been written after 
the mode is set, or when only one byte of the count has been 
written in 2-byte count mode. 
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Figure 8. Mode Timing Chart 
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Figure 9. Mode Program Example Timing Chart 
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Figure 10. Mode 1 Timing Chart 
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Mode 1 Program Example. This subroutine waits until 
no trigger is generated for an interval of 200 or more 
CLK pulses after the f i rst gate trigger and returns to the 
main program. Counter 1 is set to low-byte read/write 
mode and binary count. See figure 1 1 . 



7ab/e 7. Mode 2 Operation 



SUBR1: 


MOV 


AL,01010010B 


;set mode: counter 1, low-byte 




OUT 


PCTRL.AL 


;reacl/write mode, count mode 1, 




MOV 


AL,200 


ibinary 




OUT 


PCNT1,AL 


;write low byte of count 


FSTTRG: 


MOV 


AL,11100100B 


;multiple latch command: 
;counter 1, 




OUT 


PCNTI.AL 


istatus 




IN 


AL,PCNT1 






AND 


AL,40H 


jzero all bits except null count (D6) 




TEST 


AL,40H 


;wait for first trigger 




BNZ 


FSTTRG 




WAIT: 


MOV 


AL,11100100B 


;multiple latch command: 
;counter 1, 




OUT 


PGTRL,AL 


;status 




IN 


AL,PCNT1 






AND 


AL,80H 


;zero all bits except output (D7) 




TEST 


AL,80H 


;wait until output goes high 




BZ 


WAIT 






RET 







Mode 2: Rate Generator. In mode 2, the signal from the 
OUT pin cyclically goes low for one clock period when 
the counter reaches 0001 H. The counter operates as a 
frequency divider. See table 7 and figure 12. 



Function 


Result 


Initial OUT 


High level 


GATE High 


Count enable 


GATE Low 


Count disabled. If GATE goes low when OUT is low, OUT 
will go high (independent of the CLK pulse). 


GATE 
Trigger(1) 


Transfer is performed at the first CLK pulse after the 
trigger. 


Count Write 


Count is written without affecting the current 
operation. 



Count 

Transfer and 
Operation 



Transfer is performed at the CLK pulse after the count 
is written following the mode setting. The counter is 
then decremented. Transfer is again performed at the 
first CLK pulse after the count becomes 1. When the 
trigger is used, transfer is performed at the next CLK 
pulse. When the contents of the down counter becomes 
1 , OUT goes low for one CLK pulse and returns to high. If 
a count of n is set, OUT repeats this sequence every n 
CLK pulses. 

Count Zero Never occurs in this mode. 

Minimum 2 
Count 

Note: 

(1) The trigger is Ignored when the count has not been written or 
when only one byte of the count has been written in 2-byte mode. 



Figure 11. 


Mode 1 Program Example Timing Chart 
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Figure 12. Mode 2 Operation Timing Chart 
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Mode 2 Program Example. This subroutine generates 
an interrupt to tine CPU each time 10000 (decimal) 
clock pulses elapse. Counter is in 2-byte mode and 
binary counting. See figure 13. 



SUBR3: 



MOV AL,00110100B 

OUT PCTRL.AL 

MOV AL.IOH 

OUT PCNTO.AL 

MOV AL,27H 

OUT PCNTO.AL 
RET 



;mode setting: counter 0, 2-byte 
;mode, count nfiode 2, binary 



;write count 10000 (decimal) 



Mode 3: Square Wave Generator. Mode 3 is a frequency 
divider similar to mode 2, but with a different duty 
cycle. See table 8 and figure 14. 



Table 8. 


Mode 3 Operation 


Function 




Result 


Initial OUT 




High level 


GATE High 




Count enable 


GATE Low 




Count disable. If GATE goes low when OUT is low, 
OUT will go high (independent of the CLK pulse). 


GATETrigger(l) 


Transfer is performed at the first CLK pulse after the 
trigger. 


Count Write 




Current operation is not affected. The count is 
transferred at the end of the half-period of the 
current square wave and the OUT pin goes high. 



Count 
Transfer 
and Operation 



Figure 13. Mode 2 Configuration 
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Count Zero 



Count data Is transferred at the first CLK pulse after 
the count write following the mode setting. Transfer 
is performed at the end of the current half-cycle and 
the OUT pin is inverted. Transfer is also performed 
at the CLK pulse after the trigger. The operation 
performed depends on whether count n is even or 
odd. When n is even, the count is decremented by 
two on each following clock pulse. At the end of the 
count of two, the count is again transferred and the 
OUT pin is inverted. This is taken as a half-cycle and 
repeated. When n is odd, n - 1 is transferred and 
the count is decremented by two on each follow- 
ing clock pulse. The half-cycle when the OUT pin 
is high continues until the end of count and 
n - 1 is transferred again at the next CLK pulse. 
The half-cycle while OUT is low continues until 
the end of count 2. Thus, the half-cycle while 
OUT is high is one CLK longer than the half- 
cycle while OUT is low. 

Occurs only when the count is odd. 



Minimum Count 



Note: 

(1 ) The trigger is ignored when the count has not been written after 
the mode is set or when only one byte of count has been written in 
2-byte mode. 




Figure 14. Mode 3 Timing Cliart 
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Mode 3 Program Example. This subroutine divides tlie 
input CLK frequency (5.0688 IVIHz) by 264 to get a 
19,200 Hz clocl<. Counter 2 is in 2-byte binary mode. 
See figure 15. 



SUBR4: MOV AL,10110110B ;mode setting: counter 2, 2-byte 



OUT 


PCTRL.AL 


;mode, count mode 3, binary 


MOV 


AL,08H 




OUT 


PCNT2,AL 




MOV 


A.OIH 


;264 frequency division 


OUT 


PCNT2,AL 




RET 







Figure 15. Frequency Division 
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Mode 4: Software-Triggered Strobe. In mode 4, wlien 
tine specified count is reached, OUT goes low for one 
CLK pulse. See table 9 and figure 16. 



Tabic 9. 


l\/lode 4 Operation 


Function 


Result 


Initial OUT 


High level 


GATE High 


Count enable 


GATE Low 


Count disable 


Count Write 


Count is transferred at the next CLK pulse when the 
count is written. In 2-byte mode, data is transferred 
after the second byte is written. 



Count Count Is transferred at the first CLK following the 
Transfer countwrite. If GATE is high, the down counter begins 
and to decrement from the next CLK. If GATE is low, 
Operation decrement begins at the first CLK after GATE goes 
high. ^ 

Count Zero OUT is low for one CLK pulse and returns to high. The 

down counter wraps to FFFFH (hexadecimal) or 9999 
(BCD) without stopping counter operation. 

Minimum Count 1 



Figure 16. Mode 4 Timing Cliart 
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Figure 17. 


Mode 5 Timing Chart 
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Mode 5: Hardware-Triggered Strobe [Retriggerable]. 

Mode 5 is similar to mode 4 except tiiat operation is 
triggered by the GATE input and can be retriggered. 
See table 10 and figure 17. 

Tabie 10. Mode 5 Operation 



Function 


Result 


Initial OUT 


High level 


GATETrigger(l) 


The count is transferred at the CLK pulse after the 
trigger. The GATE has no effect on the OUT signal. 


Count Write 


The count is written without affecting the current 
operation. 


Count 
Transfer 
and 
Operation 


Count is transferred at the first CLK pulse after a 
trigger, providing that the mode and count have 
been written. Decrement begins from the first CLK 
pulse after a data transfer. If a count of n is set, OUT 
goes low for n + 1 CLK pulses after the trigger. 


Count Zero 


OUT is low for one CLK and goes high again. The 
down counter counts to FFFFH (hexadecimal) or 
9999 (BCD) without stopping the counter operation. 


Minimum Count 1 



Note: 

(1) The trigger is ignored when the count has not been written after 
the mode is set or when only one byte has been written in 2-byte 
mode. 



Mode 5 Program Example. Use mode 5 to add a 
fail-safe function to an interface. For example , tlie 
receiving equipment requests data by issuing a REQ 
signal to tlie sending equipment. The sending equip- 
ment respo nds by outputting data to the data bus and 
returning a SEND signal to the receiving equipment. In 
this type of system, if a malfunc tion exists in the 
sending equipment and no SEND signal is se nt, the 
receiving equipment waits indefinitely for the SEND 
signal and system operation stops. The f ollowing 
subroutine remedies this situation. If no SEND signal is 
output within a giv en p eriod (50 CLK cycles in this 
example) after the REQ signal is output, the system 
a ssum es the sending equipment is malfunctioning and 
a FAIL signal is sent to the receiving equipment. 



SUBR5: 




MOV 


AL,00011010B 


;mode setting: counter 0, low 
;1-byte 


OUT 


PCTRL,AL 


;mode, count mode 5, binary 


MOV 


AL,50 


;set interval: 50 CLK pulses 


OUT 


PCNTO.AL 




RET 







Figure 18. intertace Faii-safe Example 
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Description 

The/yPD71055 is a low-power CMOS programmable 
parallel interface unltforusein microcomputer systems. 
TheA<PD71055 has three I/O ports and is typically used 
to interface peripheral devices to a microcomputer 
system bus. 

Features 

□ Three 8-bit I/O ports 

D Three programmable operation modes 

□ Bit manipulation command 
D Microcomputer compatible 
D 8 MHz operation 

D CMOS technology 

D Single +5 V ±10% power supply 

□ Industrial temperature range: —40 to +85 °C 



Ordering Information 


Part Number 


Package Type 


)aPD71055C 


40-pin plastic DIP 


A/PD71055G 


44-pin plastic minlflat 


yuPD71055L 44-pin PLCC (available 3Q86) 



Pin Configurations 

40-Pin Plastic DiP 



P03C 
P02C 2 
P01C 3 

POflC 4 
RBC 5 
CSC 6 
GNDC 7 
AiUS 
AoC9 

P27 pK 

P26[ 

P25I 

P24H1 

P2oqi 

P21 I 

P22di 
P23C1 

PioQi 

P11I 

PI2 d20 



iCi 



C12 



C15 



C19 



40 DPO4 

39 UPOs 

38 I1P06 

37 DPO7 

36 3WR 

35 3 RESET 

34 DDo 

33DD1 

32DD2 

31 DD3 

3ODD4 

29DD5 

28:]D6 

27DD7 

26DVDD 

25DPI7 

24DP16 

23DPI5 

22 3PI4 

21 :ipi3 



44-Pin Plastic Minlflat 



^ i Hi 


I iiii\% 


u 

z 



















_ 



Nr.\ \ t 




CSI 1 1 




RNn 1 1 1 




A^ 1 1 1 




An 1 1 1 




P27I 1 1 




P2^ 1 1 1 




P25 1 1 1 




P2i 1 1 1 




PJj 1 1 1 




P2ll 1 1 
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INC 
I RESET 



3 Do 
DDi 



3 D4 

DDs 

3De 



3Vdd 



a. a. a. a. a 



a a a. 0. a. 



Pin identification 



Plastic DiP 



No. 


Symbol 


Function 


1-4 


PO3-PO0 


I/O port 0, bits 3-0 


5 


RD 


Read strobe input 


6 


CS 


Chip select input 


7 


GND 


Ground 


8,9 


Ai,Ao 


Address inputs 1 and 


10-13 


P27-P24 


I/O port 2, bits 7-4 


14-17 


P20-P23 


I/O port 2, bits 0-3 


18-25 


PI0-PI7 


I/O port 1, bits 0-7 


26 


Vdd 


+5V 


27-34 


D7-D0 


I/O data bus 


35 


RESET 


Reset input 


36 


WR 


Write strobe input 


37-40 


PO7-PO4 


I/O port 0, bits 7-4 
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Pin Identification (cont) 

Plastic Flatpack 



No. 


Symbol 


Function 


1 


NC 


No connection 


2 


cs 


Chip select input 


3 


GNO 


Ground 


4,5 


Ai,Ao 


Address inputs 1 and 


6-9 


P27-P24 


I/O port 2, bits 7-4 


10-13 


P20-P23 


I/O port 2, bits 0-3 


14-16 


PI0-PI2 


I/O port 1, bits 0-2 


17 


IC 


Internally connected 


18-22 


PI3-PI7 


I/O port 1, bits 3-7 


23 


Vdd 


+5V 


24-31 


D7-D0 


I/O data bus 


32 


RESET 


Reset input 


33,34 


NC 


No connection 


35 


WR 


Write strobe input 


36-43 


PO7-PO0 


I/O port 0, bits 7-0 


44 


RD 


Read strobe input 



Pin Functions 

D7-D0 [Data Bus] 

D7-D0 make up an 8-bit, three-state, bidirectional 
data bus. Tine bus is connected to the system data 
bus. It is used to send commands to the /;(PD71055 
and to send data to and from the pfPD71055. 

CS [Chip Select] 

The CS input is used to select the AtPD71055. When 
CS = 0, the AfPD71055 is selected. When CS = 1, the 
/UPD71055 is not selected and its data bus is high- 
impedance. 

RD [Read Strobe] 

The RD input is set low when data is being read from 
the /[/PD71 055 data bus. 



WR [Write Strobe] 

The WR input should be set low when data is to be 
written to the AfPD71055 data bus. The contents of 
the data bus are written to the /wPD71055 at the rising 
edge (low to high) of the WR signal. 

Ai, Aq [Address] 

The^ and Ap inputs are used in combination with 
the RD and WR signals to select one of the three 
ports or the command register. Ai and Aq are usually 
connected to the lower two bits of the system 
address bus (table 1). 

Table 1. Control Signals and Operation 



CS 


RD 


WR 


Ai 


*0 


Operation 


/UPD71055 
Operation 








1 








Port to data bus 


Input 








1 





1 


Port 1 to data bus 


Input 








1 


1 





Port 2 to data bus 


Input 










1 



1 

X 


1 

X 


Use prohibited 







1 











Data bus to port 


Output 





1 








1 


Data bus to port 1 


Output 





1 





1 





Data bus to port 2 


Output 





1 





1 


1 


Data bus to command 
register 


Output 




1 


1 

X 


1 

X 


X 
X 


X 
X 


Data bus high impedance 





RESET [Reset] 

When the RESET input is high, theAiPD71055 is reset. 
The group and the group 1 ports are set to mode 
(basic I/O port mode). All port bits are cleared to zero 
and all ports are set for input. 

PO7-PO0, PI7-PI0, P27-P20 [Ports 0, 1, 2] 

Pins PO7-PO0, PI7-PI0. and P27-P2o are the port 0, 1, 
and 2 I/O pins, bits 7-0, respectively. 
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Block Diagram 



Dt-Do 



Ci^ 



bus 
buffer 



A, O- 
AoO- 



GroupO 
control 



c 



c 



Group 1 
control 



8 ) POj-POo 



f 4or5 J P27-P24(P23) 



( ^Y^* ) 



P23(P2j)-P2„ 



:^, 



8 > PVP1„ 




Functional Description 

Ports 0, 1,2 

The//PD71055 has three 8-bit I/O ports, referred to as 
port 0, port 1, and port 2. These ports are divided into 
two groups, group and group 1 . The groups can be in 
one of three modes, mode 0, mode 1, and mode 2. 
Modes can be set independently for each group. 

When port is in mode 0, port and the four upper 
bits of port 2 belong to group 0, and port 1 and the four 
lower bits of port 2 belong to group 1. When port is 
in mode 1 or 2, port and the 5 upper bits of port 2 
belong to group and port 1 and the three lower bits of 
port 2 belong to group 1. 

Command Register 

The host writes command words to the //PD71055 in 
this register. These commands control group and 
group 1 . Note that the contents of this register cannot 
be read. 



Group Control and Group 1 Control 

These blocks control the operation of group and 
group 1. 

Read/Write Control 

The read/write control controls the read/write opera- 
tionsfor the ports and the data bus in response to the 
RD, WR, CS, and address signals. It also handles 
RESET signals and the Aq, Ai address inputs. 

Data Bus Buffer 

The data bus buffer latches information going to or 
from the system data bus. 
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Absolute Maximum Ratings 

(Ta = 25''C) 



DC Cliaracteristics 

(Ta = -40 to +85 °C, Vdd = 5 V ±10%) 



Power supply voltage, Vod 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to Vdd + 0.3 V 


Output voltage, Vq 


-0.5 to VoD + 0.3 V 


Power dissipation, Pomax 


500 mW 


Operating temperature, Tppt 


-40 to +85«C 


Storage temperature, Tjtg 


-65to+150°C 



Comment: These devices are not meant to be operated outside the 
limits specified above. Exposure to stresses beyond those listed in 
Absolute Maximum Ratings could cause damage. Exposure to an 
absolute maximum rating for extended periods may affect reliability. 

Capacitance 

(Ta = 25''C, Vdd = GND = V) 





Symliol 


Limits 


Test 


Parameter 


Min Typ iWax 


Units Conditions 


Input 
capacitance 


Ci 


10 


pF fc = 1MHz 
Unmeasured 


I/O capacitance 


C|0 


20 


„r pins returned 
P"^ toOV 





Symbol 




Limits 


Units 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage 
high 


V|H 


2.2 




Vdd + 0.3 


V 




Input voltage 
low 


VlL 


-0.5 




0.8 


V 




Output 
voltage high 


VOH 


0.7 X 

Vdd 






V 


IOH = -400//A 


Output 
voltage low 


Vol 






0.4 


V 


l0L = 2.5 mA 


Input 
leakage 
current high 


Ilih 






10 


//A 


V| = Vdd 


Input 
leakage 
current low 


lUL 






-10 


//A 


V|=OV 


Output 
leakage 
current high 


Iloh 






10 


M 


Vo = Vdd 


Output 
leakage 
current low 


'lol 






-10 


/'A 


Vo = V 


Supply 
current 
(dynamic) 


Iddi 






15 


mA 




Supply 
current 
(standby) 


IdD2 




2 


50 


AiA 
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AC Characteristics 

(Ta = -40 to +85 °C, Vdd = 5 V ±10%) 





Symbol 


Limits 




Units 


Test 


Parameter 


Min Typ 


Max 


Comlitions 


Read Timing 


Ai,Ao,C5 set-up to 


tSAR 







ns 




Ai,Ao, C5 
hold from RD t 


tHRA 







ns 




RD pulse width 


tRRL 


160 




ns 




Data delay from 
RDi 


tORD 




120 


ns 


Cl = 150 pF 


Data float from RD 1 


^tpRD 


10 


85 


ns 


Cl = 20 pF 
Rl = 2 kn 


Read recovery time 


tRV 


200 




ns 




Write Timing 


Aj Aq, CS set-up to 


tSAW 







ns 




A^Aq.CS hold from 
WRt 


tHWA 







ns 




WR pulse width 


twWL 


120 




ns 




Data set-up to WR t 


tSDW 


100 




ns 




Data hold from WR t 


^HWD 







ns 




Write recovery time 


tRV 


200 




ns 




Otiier Timing 


Port set-up time to 
RDi 


tSPR 







ns 




Port hold time from 
RDt 


tHRP 







ns 




Port set-up time to 
STBi 


tSPS 







ns 




Port hold time from 
STBt 


tHSP 


150 




ns 





AC Characteristics (cent) 

(Ta = -40 to =85 "C, Vdd = 5 V ±10%) 





Symbol 




Limits 




Test 


Parameter 


MIn 


Typ 


Max 


Units Comlitions 


Otiier Timing (cont) 


Port delay time from 
WRt 


towp 






350 


ns CL = 150pF 


STB pulse width 


tSSL 


350 






ns 


DAK pulse width 


tOADAL 


300 






ns 


Port delay time from 
DAK i (mode 2) 


tODAP 






300 


ns CL = 150 pF 


Port float time from 
DAK t(mode 2) 


tpDAP 


20 




250 


ns Cl = 20pF 
RL = 2kn 



OBF set delay from 
WRT 



towoB 



OBF clear delay 
from DAK i 



tDDAOB 



IBF set delay 
from STB I 



tpsiB 



IBF clear delay from 
RDt 



tORIB 



INT set delay from 
DAKt 



toOAl 



INT clear delay from 
WRl 



towi 



INT set delay from 
STBt 



tDSl 



INJ clear delay from 
RDi 



tORl 



RESET pulse width tRESETl 50 



tRESET2 500 



300 ns Cl = 150pF 



350 ns 



300 ns 



300 ns 



350 ns 



450 ns 



300 ns 



400 ns 



ijs During right 
after power- 
on 




ns During 
operation 
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Timing Waveforms 

AC Te$t Waveform 
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'I 
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Mode 7: /npuf 




Mode 7: Output 
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Timing Waveforms (cont) 
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yuPD71055 Commands 

Two commands control //PD71055 operation. The 
mode select command determines the operation of 
group and group 1 ports. The bit manipulation 
command sets or resets the bits of port 2. These 
commands are executed by writing an 8-bit command 
word to the command register (AiAo = 11). 

Mode Select 

The/uPD71 055 port groups have three modes. Modes 
and 1 can be specified for groups and 1 , but mode 2 
can only be specified for group 0. The bits of all ports 
are cleared when a mode is selected or when the 
//PD71055 is reset. 

Mode 0. Basic input/output port operation. 

Mode 1. Strobed input/output operation controlled by 
three or four bits of port 2 used as control/status 
signals. 

Mode 2. (Only available for group 0). Port is the 
bidirectional I/O port and the higher 5 bits of port 2 are 
used for status and control signals. 

To specify the mode, set the command word as shown 
in figure 1 and write it to the command register. 

Bit Manipulation Command 

This command (figure 2) affects only port 2. It is mainly 
used in mode 1 and mode 2 to control the port 2 bits 
which are used as control/status signals. It is also used 
to enable and disable /-(PD71055-generated interrupts 
and to set and reset port 2 general Input/output pins. 

For example, to set bit 2 of port 2 to 1 (P22 = 1 ), set the 
command word as shown in figure 3 (05H) in the 
command register. 



Operation in Eacii Mode 

The operation mode for each group in the /uPD71055 
can be set according to the application. Group can be 
in modes 0, 1, or 2, while group 1 is in mode or 1. 
Group 1 cannot be used in mode 2. 



The RD and WR signals that appear in the descriptions 
of each mode refer to the port in question as addressed 
by Ai and Aq. These signals only affect the port 
addressed by Ai and Aq. 

Where the port addressed may not be clear, or 1 is 
appended to the signal name to indicate the port. 

IMode 

In this mode the ports of the a(PD71055 are used to 
perform basic I/O operations. Each port operates with 
a buffered input and a buffered latched output. See 
figure 4. 

Depending on the control word sent to the//PD71055 
from the system bus, ports 0, 1, and 2 can be inde- 
pendently specified for input or output. 

Input Port Operation 

While the RD signal is low, data from the port selected 
by the AiAo signals is put on the data bus. See figure 5. 

Output Port Operation 

When the A«PD71055 is written to (Wr = 0), the data on 
the data bus will be latched in the port selected by the 
Ai Aq signals at the rising edge of WR and output to the 
port pins. See figure 6. 

By reading a port which is set for output, the output 
value of the port can be obtained. 

Note: When group is in mode 1 or mode 2, only bits 
P22-P2o of port 2 can be used by group 1. Bit P23 
belongs to group 0. 

Mode Example 

This is an example of a GPU connected to an A/D 
converter via ayuPD71 055 (figure 7). Here both group 
and group 1 are set to mode and port 2 is used to start 
conversion and detect the end of the conversion 
process. 

Figure 8 is a subroutine that reads the converted data 
from an A/D converter. 
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Figure 1. Mode Select Command Word 
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Figure 2. Bit Manipulation Command Word 
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Figure 3. 


Bit Manipulation Command Example 
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Figure 4. Mode 
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Figure 5. Mode Input Timing 
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Figure 7. AID Converter Connection Example 
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Figure 8. A/D Converter Example 



READ_A/D: 


MOV 


AL.IOOIIOOOB 


;a<PD71055 Mode Setting: 




OUT 


CTRLPORT.AL 


;Group 0, group 1 in mode 
;Port & port 2 (upper) are inputs 
;Port 1 & port 2 (lower) are outputs 




MOV 


AL.00000001B 






OUT 


CTRLPORT.AL 


;Conversion starts by setting P2o high 


WAIT_EOC: 


IN 


AL,P0RT2 


;End of conversion wait loop 




AND 


AL,80H 






TEST 


AL,80H 


;Conversion ends when P27 = 




BNZ 


WAIT_EOC 






IN 


AL, PORTO 


;Read A/D converted values 




RET 







Mode 1 

In this mode, the control and status signals control the 
I/O data. In group 0, port functions as the data port 
and the upper five bits of port 2 function as control/ 
status. In group 1, port 1 functions as the data port and 
the lower three bits of port 2 function as control/status. 

In mode 1, the bit manipulation command is used to 
write the bits of port 2. 

Group Mode 1 

When group is used in mode 1 , the upper five bits of 
port 2 become part of group 0. Of these five bits, three 
are used for control/status and the remaining two can 
be used for I/O (using the bit manipulation command). 
See figure 9. 

Group 1 Mode 1 

When group 1 is used in mode 1 , the lowerthree or four 
bits of port 2 become part of group 1 . Of these four bits, 
three are used for control/status. The remaining bit, 
P23, can be used for I/O only if group is in mode 0. 
Otherwise, P23 belongs to group as a control/status 
bit. See figure 9 and table 4. 



Mode 1 Input Operation 

I n mode 1 , port is the data port for group 0, and port 1 
for group 1 . The control/status bits (port 2) are used as 
listed below. Figure 10 shows the signal timing. 

STB [Stro be]. Th e data input at port is latched in port 
when the STBO input is bro ught lo w. The data input at 
port 1 Is latched in port 1 by STB1. 

IBF [Input Buffer Full F/F]. The IBF output goes high to 
indicate that t he inp ut buffer has become full. IBF goes 
high when the STB signal goes low . IBF goes low at the 
rising edge of the RD signal when STB = 1 . 

INT [Interrupt Request]. INT goes high whe n the data 
is latched in the input port, when RIE is 1 and STB, IBF 
and^ are all high. INT goes low at the falling edge of 
the RD signal. It can function as a data read request 
interrupt signal to a CPU. 
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RIE [Read Interrupt Enable Flag]. RIE controls the 
interrupt output. Interrupts can be enabled by using 
the bit manipulation command to set this bit to 1, and 
disabled by resetting it to 0. This signal is internal to the 
/UPD71055 and is not an ou tput. T he state of RIE does 
not affect the function of STBO or STB1, which are 
inputs to the same bits (P24 and P22) of port 2. 

When input is specified in mode 1, the status of IBF, 
INT and RIE can be read by reading the contents of 
port 2. 



Mode 1 Output Operation 

In mode 1 output operation (figure 11), the status/ 
control bits (port 2) are used as listed below. Figure 12 
shows the signal timing. 

OBF [Output Buffer Full F/F]. OBF goes low when data 
is received by th eA/PD71055 and is latched In o utput 
ports 1 or 0. OBF functions as a data re ceive flag. OBF 
goes low at the rising edge of WR whe n DAK = 1 (write 
complete). It goes high when the DAK signal goes low. 



Figure 11. 


Mode 1 Output 
























7 


Group 

1 


Command word 

Group 1 

1 




1 6 5 


4 


3 il 2 1 1 




1 1 


1 1 1 1 


1 








1 1 1 1 1 


(1PD71055 
P^s WIE 1 








] \ 












OBFO < 




-' 










r 0: OutDut / .. \ 












P23-* — — i 








[" 0: Output L^ 












[l: Input r°' 


7: h'fM 














Group 
mode 





ModeO 






P2„ ' 

PVPI0 

PO7-PO0 


1 


Model 




INTI * 


ox 


Mode 2 












































Group 1 
mode 





ModeO 














1 


Model 




are controlled by 












manipulation command 




Command 





Bit manipulation 










1 


Mode select 














'Note: Bit P23 is available In Group 1 only when Group Is Mode 0. For all otiier conditions 
P23 Is part of Group 0. This diagram shows how bit P23 would be used It Group 1 
was in Mode 1. 

49-00061 6B 




Figure 12. Mode 1 Output Timing 
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DAK [Data Acknowledge]. When this input is low, it 
signals the //PD71055 that output port data has been 
taken from the 71055. 

INT [Interrupt Request]. INT goes high when the 
out put da ta is taken when WIE is set to 1 and WR, OBF 
and DAK are all high- It goes low at the falling edge of 
the WR signal. INT therefore functions as a write 
request signal, indicating that new data should be 
senttothe/uPD71055. 

WIE [Write Interrupt Enable Flag]. WIE controls the 
interrupt output. Interrupts can be enabled by using 
the bit manipulation command to set this bit to 1 and 
disabled by resetting it to 0. This signal is internal to the 
//PD71055 and is not an output. The state of Wl E does 
not affect the function of DAK addressed to the same 
bits of port 2. 

When output is specified in mode 1, the status of OBF, 
INT and WIE can be obtained by reading the contents 
of port 2. 

Table 2 shows a summary of these signals. 



Figure 13. Connection to Printer 



Table 2. 


Functions of Port 2 Bits In Mode 1 


Group Bit 


Data Input 


Data Output 


1 P2o 


INT1 (Interrupt request) 


INT1 (Interrupt request) 


P2i 


IBF1 (Input buffer full f/f) 


0BF1 (Output buffer full f/f) 


P22 


STB1 (Strobe input) 

RIE1 (Read interrupt 
enable flag) 


DAK1 (Data acknowledge 

input) 

WIE1 (Write interrupt 

enable flag) 


P23 


I/O (Note) 


I/O (Note) 


P23 


INTO (Interrupt request) 


INTO (Interrupt request) 


P24 


STBO (Strobe input) 
RIEO (Read interrupt 
enable flag) 


I/O 


P25 


IBFO (Input buffer 
full f/f) 


I/O 


P26 


I/O 


DAKO (Data acknowledge 

input) 

WIEO (Write interrupt enable 

flag) 


P27 


I/O 


OBFO (Output buffer full f/f) 



Note: Can be used with group 1 only when group is set to mode 0. 
In other modes, P23 belongs to group 0. 

Mode 1 Example 

This example (figure 13) demonstrates connecting 
a printer to the //PD71055. Group is used in mode 1 
output. Group 1 can operate in mode or 1; in this 
example it is set to mode 0. 



D7-D0 
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Figure 14. Printer Example Subroutine 



;This subroutine sends character strings to the 


printer 


INIT: 


MOV 


AL.IOIOIOOOB 


;/iPD71055 Mode Setting: 
;Group 0: mode 1 output 
;Group 1: mode 




OUT 


CTRLPORT.AL 






RET 






SENDPRN: 


MOV 


BW.DATA 


;Output data address 


PRNLOOP: 


MOV 


AL,[BW] 






CMP 


AL.OFFH 


;Endifdata = OFFH 




BNZ 


WAIT 






RET 






WAIT: 


IN 


AL,P0RT2 






MOV 


CL.AL 






AND 


AL,80H 






TEST 


AL,80H 


;Wait until output buffer is empty 




BZ 


WAIT 






MOV 


AL.CL 






AND 


AL,20H 






TEST 


AL,20H 


;Wait until printer can accept data 




BNZ 


WAIT 






MOV 


AL,[BW] 


;Send data to printer 




OUT 


PORTO.AL 






INC 


BW 






BR 


PRNLOOP 





Mode 2 

Mode 2 can only be used by group 0. In this mode, port 
functions as a bidirectional 8-bit data port operating 
under the control of the upper five bits of port 2 as 
control/status signals. In this mode, port combines 
the input and output operations of mode 1 . See figures 
15 and 16. 

In mode 2, the status of the f ollow ing signals can be 
determined by reading port 2: OBFO, IBFO, INTO, WIEO, 
and RIEO. 



The DAKO and STBO signals are used to select input or 
output for port 0. By using these signals, bidirectional 
operation between theiwPD71055 and peripheral can 
be realized. 

In mode 2, the bit manipulation command is used to 
write to port 2. 

Control/Status Port Operation 

The following control/status signals are used for output: 



OBFO [Output Buffer Full]. OBFO goes low when data 
is received from the D0-D7 data bus and is latched in 
the port output buffer. It therefore functi ons as a 
receive request signal to the peripheral. OBFO goes low 



at the rising edge oftheW RO signal (end of data write). 
It goes high when DAKO is low (output data from port 
received). 



DAKO [Data Acknowledge] , DA KO is sent to the 
yuPD71 055 in response to the OBFO signal. It should be 
set low when data is received from port of the 
yuPD71055. 

WIEO [Write interrupt Enable Flag]. WIEO controls the 
write interrupt request output. Interrupts are enabled 
by using the bit manipulation command to set this bit to 
1 and disable d by s etting it to 0. The state of WIE does 
not affect the DAK function of this pin. 

The following control/status signals are used for input: 




STBO [Strobe Input]. When STBO goes low, the data 
being sent to the/yPD71055 is latched in port 0. 

IBFO [Input Buffer Full F/F]. When IBFO goes high, it 
indicates that the input buffer is full. It functions as a 
signal which can be used t o proh ibit further data 
transfer. IBFO goes high when STBO goes l ow. It goes 
low at the rising edge of RDO when STBO = 1 (read 
complete). 
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Figure IS. Mode 2 
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RIEO [Read Interrupt Enable Flag]. RIEO controls the 
read interrupt request output. Interrupts are enabled 
by using the bit manipulation command to set this bit to 
1 and disable d by se tting it to 0. The state of RIEO does 
not affect the STBO function of this pin. 

This control/status signal is used for both input and 
output: 

INTO [Interrupt Request]. During input operations, 
INTO functions as a read request interrupt signal. 
During output, it functions as a write request interrupt 
signal. This signal is the logical OR of the INT signal for 
data read (RINTO) and the INT signal for write (WINTO) 
in mode 1 (RINTO OR WINTO). 



In mode 2, the status of OBFO, IBFO, INTO, WIEO, and 
RIEO can be determined by reading port 2. 

Table 3 is a summary of these signals. 



Table 3. 


Functions of Port 2 In Mode 2 


Bit 


Function 


P23 


INTO (Interrupt request) 


P24 


STBO (Strobe input) 

RIEO (Read interrupt enable flag) 


P25 


IBFO (Input butler full f/f) 


P26 


DAKO (Data acknowledge input) 
WIEO (Write interrupt enable flag) 


P27 


OBFO (Output buffer full f/f) 



Mode 2 Example 

Figures 17,18, and 1 9 show data transfer between two 
CPUs. 



Figure 17. Connecting Two CPUs 
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Figure 18. Main CPU Flowchart 
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Figure 19. Sub CPU Flowchart 
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Mode Combinations 

Table 4 is a complete list of all the combinations of 
modes and groups, and the function of the port 2 bits in 
each mode. 



Table 4. 


Mode Combinations and Port 2 Bit Functions 




















Group 












Group 1 








Mode 


PO7-PO0 


P27 


P26 


P25 


P24 


PZs 


Mode 


P17-P10 


P23 


P22 


P2, 


P2o 





In 


D 


D 


D 


D 


NA 





In 


D 


D 


D 


D 





In 


D 


D 


D 


D 


NA 





Out 


D 


D 


D 


D 





In 


D 


D 


D 


D 


NA 


1 


In 


B 


STB1 
(RIE1) 


IBF1 


INT1 





In 


D 


D 





D 


NA 


1 


Out 


B 


DAK1 
(WIE1) 


0BF1 


INT1 





Out 


D 


D 


D 


D 


NA 





In 


D 


D 


D 


D 





Out 


D 


D 


D 


D 


NA 





Out 


D 


D 


D 


D 





Out 


D 


D 


D 


D 


NA 


1 


In 


B 


STB1 
(RIE1) 


IBF1 


INT1 





Out 


D 


D 


D 


D 


NA 


1 


Out 


B 


DAK1 
(WIE1) 


0BF1 


INT1 




In 


B 


B 


IBFO 


STBO 
(RIEO) 


INTO 





In 


NA 


D 


D 


D 




In 


B 


B 


IBFO 


STBO 
(RIEO) 


INTO 





Out 


NA 


D 


D 


D 




In 


B 


B 


IBFO 


STBO 
(RIEO) 


INTO 


1 


In 


NA 


STB1 
(RIE1) 


IBF1 


INT1 




In 


B 


B 


IBFO 


STBO 
(RIEO) 


INTO 


1 


Out 


NA 


DAK1 
(WIE1) 


0BF1 


INT1 




Out 


OBFO 


DAKO 
(WIEO) 


B 


B 


INTO 





In 


NA 


D 


D 


D 




Out 


OBFO 


DAKO 
(WIEO) 


B 


B 


INTO 





Out 


NA 


D 


D 


D 




Out 


OBFO 


DAKO 
(WIEO) 


B 


B 


INTO 


1 


In 


NA 


STB1 
(RIE1) 


IBF1 


INT1 




Out 


OBFO 


DAKO 
(WIEO) 


B 


B 


INTO 


1 


Out 


NA 


DAK1 
(WIE1) 


0BF1 


INT1 


2 


I/O 


OBFO 


DAKO 
(WIEO) 


IBFO 


STBO 
(RIEO) 


INTO 





In 


NA 


D 


D 


D 


2 


I/O 


OBFO 


DAKO 
(WIEO) 


IBFO 


STBO 
(RIEO) 


INTO 





Out 


NA 


D 


D 


D 


2 


I/O 


OBFO 


DAKO 
(WIEO) 


IBFO 


STBO 
(RIEO) 


INTO 


1 


In 


NA 


STB1 
(RIE1) 


IBF1 


INT1 


2 


I/O 


OBFO 


DAKO 
(WIEO) 


IBFO 


STBO 
(RIEO) 


INTO 


1 


Out 


NA 


DAK1 
(WIE1) 


0BF1 


INT1 



Note: 

(1) In this chart, "NA" indicates that the bit cannot be used by this group. 

(2) The symbol "B" indicates bits that can only be rewritten by the bit manipulation command. 

(3) In this chart, "D" indicates that is used by the user. 

(4) Symbols in parentheses are internal flags. They are not output to port 2 pins and they cannot be read by the host. 

(5) In indicates Input, Out indicates Output, and I/O indicates Input/Output. 
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INTERRUPT 

CONTROL UNIT 



Description 

The //PD71059 is a low-power CMOS programmable 
interrupt control unit for microcomputer systems. It 
can process eight interrupt request inputs, allocating a 
priority level to each one. It transfers the interrupt with 
the highest priority to the CPU, along with interrupt 
address information. By cascading up to eight slave 
yuPD71059s to a master /jPDllOSd, a system can 
process up to 64 interrupt requests. System scale, 
interrupt routine address, interrupt request priority 
and masking are all under complete program control. 

Features 

D /UPD8085A compatible (CALL mode) 

n /uPD701 08/701 16 compatible (vector mode) 

D Eight interrupt request inputs per chip 

n Up to 64 interrupt requests inputs per system 

(extended mode) 
D Edge- or level-triggered interrupt request inputs 
D Each interrupt maskable 
D Programmable priority level 
D Polling operation 
D Single +5 V +10% power supply 
D Industrial temperature range: —40 to +85°C 
D CMOS technology 



Pin Configurations 

28-Pln Plastic DIP 



CSC 


1 


"V^ 


28 3 Moo 




WR C 2 




27 D Ao 




RDC 3 




26 


DINTAK 




D,C 4 




25 


J INTP7 




D. C 5 




24 


3 INTP, 




D5C 6 


U 


23 


DINTP5 




D^C 7 


e 


22 


3 INTP4 




DaC 8 


Q 


21 


3 INTPa 




D.C 


9 


a. 


20 


niNTP, 




0, C 10 




19 


J INTP, 




DoC 11 




18 


3 INTPo 




SAo C 12 




17 


3 INT 




SA, C 13 




16 


3 SV [BUFR/W] 




GND C 14 




15 


3SA, 


83-001220A 













44-Pln Plastic Mlnltlat 



Ordering Information 


Order Code 


Package Type 


/UPD71059C 


28-pin plastic DIP 


//PD71059G 


44-pin plastic miniflat 


//PD71059L 


28-pin PLCC (available 3Q86) 



S 


^ 



Ncr 1 1 




07 1 1 1 




ng 1 1 1 




Ds ( 1 1 




Dd 1 1 1 




Do 1 1 1 




Do 1 1 1 




Dl 1 1 1 




Dg 1 1 1 




NC 1 1 1 




NC 1 1 1 






f s 



3 INTP7 

3 INTPs 
3 INTPs 

3 INTP4 
3 INTP3 
3 INTP2 
3 INTP1 
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Pin Identification 



Plastic DIP 



No. 


Symbol 


Function 


1 


CS 


Chip select input 


2 


WR 


Write strobe input 


3 


RD 


Read strobe input 


4-11 


D7-D0 


Data bus 1/0 


12-13 


SAq, SAi 


Slave address I/O, bits 0, 1 


14 


GND 


Ground potential 


15 


SA2 


Slave address I/O, bit 2 


16 


SV(BUFR/W) 


Slave (Buffer read write) I/O 


17 


INT 


Interrupt output 


18-25 


INTP0-INTP7 


Interrupt inputs 


26 


INTAK 


Interrupt acknowledge input 


27 


Ao 


Address input 


28 


Vdd 


Power supply 


Plastic Flatpack 


No. 


Symbol 


Function 


1 


NC 


Not connected 


2-9 


D7-D0 


Data bus I/O 


10-13 


NC 


Not connected 


14,15 


SAq, SAi 


Slave address I/O, bits 0, 1 


16 


GND 


Ground potential 


17 


IC 


Internally connected 


18 


NC 


Not connected 


19 


SA2 


Slave address I/O, bit 2 


20 


SV (BUFR/W) 


Slave (Buffer read write) I/O 


21 


INT 


Interrupt output 


22-24 


NC 


Not connected 


25-32 


INTP0-INTP7 


Interrupt inputs 


33-35 


NC 


Not connected 


36 


INTAK 


Interrupt acknowledge input 


37 


Ao 


Address input 


38 


Vdd 


Power supply 


39 


CS 


Chip select input 


40 


WR 


Write strobe input 


41 


RD 


Read strobe input 


42-44 


NC 


Not connected 



Pin Functions 

D7-D0 [Data Bus] 

The 8-bit 3-state bidirectional bus transfers data to and 
from the CPU througii tiie system bus. Tine data bus 
becom es active wiien data is sent to the CPU in the 
INTAK sequence. Otherwise, the data bus is high 
impedance. 

CS [Chip Select] 

The CPU uses the AfPD71059's CS input to select a 
//PD71059 to read from ([N_instructions) or write to 
(OUT instructions). The RD and WR signals to the 
/UPD71059 are enabled when CS is low. CS is not used 
for the INTAK sequence. 

RD [Read Strobe] 

The CPU sets the RD input to when reading the 
internal registers IMR, IRR and ISR, and during polling 
operations to read polling data. 

WR [Write Strobe] 

The CPU sets the WR input to when writing initializing 
words IW1-IW4 and command words IMW, PFCWand 
MCW. 

Ao [Address] 

The Ao input is used with CS, RD, and WR to read or 
write to the/uPD71 059. Normally, Aq is connected to Aq 
of the address bus. Table 1 shows the relationship 
between read/write operations and the control signals 
(CS, WR, RD, and Ao). 

INTP7-INTP0 [Interrupt Request from Peripheral] 

I NTP7-INTP0 are eight asynchronous interrupt request 
inputs. They can be set to be either edge-or level- 
triggered. These pins are pulled up by an internal 
resistance. Their power consumption is lower at high- 
level input than at low-level input. 

INT [Interrupt] 

INT is the interrupt request output from a 
//PD71059 to the CPU or master //PD71 059. When an 
interrupt from a peripheral is input to an INTP pin and 
acknowledged, the //PD71059 asserts INT high to 
generate an interrupt request at the CPU or master 
/UPD71059. 
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INTAK [Interrupt Acknowledge] 



The INTAK input from the CPU acknowledges an 
interrupt from the//PD71059. After acknowledging the 
interrupt request, the CPU returns three low-level 
pulses (//PD8085) or two low-level pulses (a(PD70108/ 
70116). Synchronizing to these pulses, theAfPD71059 
sends a CALL instruction in three bytes, or an interrupt 
vector number in one byte through the data bus. 

SV [BUFR/W] [Slave, Buffer Read/Write] 

This pin has two functions. When no external buffer is 
used in the data bus, it is the SV input. When SV is low, 
theyuPD71059 acts^a slave. It operates as a master 
when SV is high. SV has no master/slave meaning 
when theA<PD71059 is set to single mode. 

As the BUFR/W output, this pin can allow a bus 
transceiver to be controlled by the/wPD71059, if one is 
required. When the//PD71059 changesjts data bus to 
output, it sets BUFR/W low. It sets BUFR/W high when 
the data bus changes to input. 



SA2-SA0 [Slave Address] 

These pins are only used in systems with cascaded 
ywPD71059s. The master /uPD71 059 uses these pins to 
address up to eight slave /wPD71059s. These pins are 
output pins for masters, and input pins for slaves. 

Note: In the single mode, SA2-SA0 are output pins, but the output 
data has no meaning. 

Vdd [Power Supply] 

This is the positive power supply. 
GND [Ground] 

This is the ground potential. 

IC [Internally Connected] 

This pin must be left unconnected. 



Table 1. 


Read/Write Operations 






CS RD 


WR 


Ao 


other Conditions 


//PD71 059 Operation 


CPU Operation 





1 





IRR set by MCW 


IRR to Data bus 


IRR read 




ISR set by MCW 


ISR to Data bus 


ISR read 




Polling phase (Note 1) 


Polling data to Data bus 


Polling 





1 


1 




IMR to Data bus 


IMR read 


1 








D4 = 1 


Data bus to IW1 register 


IW1 write 




D4, D3 = 


Data bus to PFCW register 


PFCW write 




D4 = 0, D3 = 1 


Data bus to MCW register 


MCW write 



10 1 



(Note 2) 



Data bus to IW2 register 
Data bus to IW3 register 
Data bus to IW4 register 



Note: 

(1) In the polling phase, polling data is read instead of IRR and ISR. 

(2) Refer to Control Words section for IW2-IW4 writing procedure. 




IW2 write 
IW3 write 
IW4 write 











After initializing 


Data bus to IMR 


IMW write 




1 


1 

X 


1 

X 


X 
X 




Data bus high impedance 













X 




Illegal 
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Block Diagram 



...<^ 



Data Bus 
Buffer 



-N 



ri 



Read/ 
Write 
Control 



Initialization and 
Command Word 
Register Group 



Slave 
Control 



S^ 



-*■ SV/(BUFR/W) 



Control Logic 



In 

Service 

Register 

(ISR) 



5 



INTAK 
INT 



Priority A. 
Decision r 
Logic 



1:11: 



V 



Interrupt 
Mask 

Register 
(IMR) 



Interrupt 
Request K_ 
Register '"^ 
(IRR) 



INTPo 
INTP, 
INTPj 
INTP3 
INTP4 
INTP5 
INTP5 
INTP7 



Block Diagram Functions 

Data Bus Buffer 

The data bus buffer is a buffer between D7-D0 and the 
//PD71059's internal bus. 

Read/Write Control 

The read/write control controls the CPU's reading and 
writing to and from the//PD71059 registers. 

Initialization and Command Word Registers 

These registers store initializing words IW1-IW4 and 
command words PFCW (priority and finish control 
word) and MCW (mode control word). The CPU 
cannot read these registers. 

Interrupt Mask Register [ll\/IR] 

The interrupt masl< register stores the interrupt masl< 
word (IMW) command word. Each bit masi<s an inter- 
rupt. If bit n of this register is 1, the interrupt request 
INTPp is masl<ed and cannot be accepted by the 
//PD71 059. Tt]^ CPU can read this register by perform- 
ing an IN instruction with Aq = 1 . 



Interrupt Request Register [IRR] 

The interrupt request register shows which interrupt 
levels are currently being requested. If bit n of the IRR 
is 1, INTPn is requesting an interrupt. The CPU can 
read this register. 

In-Service Register [ISR] 

The in-service register shows all interrupt levels cur- 
rently in service. If bit n of this register is 1 , the interrupt 
routine corresponding to INTPn 'S currently being 
executed. The CPU can read this register. 

Slave Control 

Slave control is used in systems with cascaded 
//PD71 059s. A master//PD71 059 uses it to control slave 
//PD71059S, and a slave uses it to interface with the 
master A'PD71 059. 

Control Logic 

The control logic receives and generates the signals 
that control the sequence of events in an interrupt. 
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Priority Decision Logic 

The priority decision logic determines wliich interrupt 
request from tlie IRR will be serviced next. Tlie 
decision is made based upon tlie current interrupt 
masl<, interrupt service status, mode status, and current 
priority. 

Absolute Maximum Ratings 

Ta = 25''C 



Power supply voltage, Vdd 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to Vdd + 0.3 V 


Output voltage, Vq 


-0.5 to Vdd + 0.3 V 


Power dissipation, Pdmax 


500 mW 


Operating temperature. Topi 


-40 to +85 °C 


Storage temperature, Tstg 


-65to+150°C 



Comment: Exposing the device to stresses above those listed in the 
absolute maximum ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational section of this specification. 
Exposure to absolute maximum ratings for extended periods may 
affect device reliability. 



Capacitance 

Ta = 25°C;Vdd = GND = 0V 




Limits 


Test 


Parameter Symbol IHin Typ Max Unit 


Conditions 



Input 
capacitance 



10 pF fc = 1MHz 



I/O 
capacitance 



C|0 



20 pF 



Unmeasured pins 
returned to V 



DC Characteristics 

Ta = -40°C to +85 °C; Vqd = 5 V ±10% 





Symbol 




Limits 




Test 


Parameter 


Min 


Typ 


IMax 


Unit Conditions 


Input voltage 
high 


V|H 


2.2 




Vdd + 

0.3 


V 


Input 
voltage low 


V|L 


-0.5 




0.8 


V 


Output 
voltage high 


VOH 


0.7 
(Vdd) 






V loH = -400M 


Output 
voltage low 


Vol 






0.4 


V loL = 2.5 mA 


Input leakage 
current high 


Ilih 






10 


M V| = Vdd 


Input leakage 
current low 


Ilil 






-10 


M V|=OV 


Output 
leakage 
current high 


Iloh 






10 


A/A Vo = Vdd 


Output 
leakage 
current low 


'lol 






-10 


//A Vo = OV 


INTP input 
leakage 
current high 


Iliph 






10 


//A V| = Vdo 


INTP input 
leakage 
current low 


'UPL 






-300 


A(A V|=:OV 


Supply 
current 
(dynamic) 


'ddi 




3.5 


9 


mA 



Supply 
current 
(power 
down mode) 



IdD2 




2 50 



fjA Input Pins: 

V|H = Vdd -0.1V 
V|L = 0.1V 
Output Pins: Open 
(Note 1) 



Note: 

(1) In power down mode, INTP7to INTPO, 
high level (V|h = Vqd - 0.1 V). 



INTAK and CS must be at 
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AC Characteristics 

Ta = -40 to +85 °C; Vqd ± 5 V + 10% 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Read Timing 


Aq, CS set- 
up to RD i 


tSAR 









ns 




Ao.CShold 
from RD ! 


tHRA 









ns 




RD pulse 
width low 


tRRL 


160 






ns 




RD pulse 
width high 


tRRH 


120 






ns 




Data delay 
from RD i 


tORD 






120 


ns 


Cl = 150pF 


Data float 
from RD t 


tpRD 


10 




85 


ns 


Cl = 100pF 



Data dela^ 
from Aq, CS 



BUFR/W 

delay 

from RD i 



BUFR/W 
de^lay from 
RDt 



tpAD 



tORBL 



tORBH 



200 ns CL = 150pF 



100 ns 



150 ns 



Notes: 

(1) The time 1 

(2) Tlietimel 

(3) The time to move to the next INTAK operation. 

(4) The time to move INTAK to/from command (read/write). 



! to clear the input latch in edge-trigger mode. 
! to move from read to write operation. 



Write Timing 


Aq, CS set- 
up to WR i 


tSAW 





ns 


Ao.CShoid 
from WR t 


^HWA 





ns 


WR pulse 
width low 


twwL 


120 


ns 


WR pulse 
width high 


twWH 


120 


ns 


Data set-up 
from WR t 


tSDW 


120 


ns 


Data hold 
from WR t 


tHWD 





ns 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Interrupt Timing 


INTP pulse 
width 


tiPIPL 


100 






ns 


(Note 1) 


SA set-up to 
second, third 
INTAK I 


tSSIA 


40 






ns 


Slave 


INTAK pulse 
width low 


tjAIAL 


160 






ns 




INTAK pulse 
width high 


tiAIAH 


120 






ns 


INTAK Sequence 


INT delay 
from INTP t 


tOiPI 






300 


ns 


Cl = 150pF 


SA delay 
from first 
INTAK i 


tOIAS 






360 


ns 


IVIaster, 
Cl = 150pF 



Data delay 
from INTAK I 



Data float 
from INTAK t 



Data delay 
from SA 



BUFR/W 
delay f rom 
INTAK I 



BUFR/W 
delay f rom 
INTAK t 



toiAD 



tpiAD 10 



^DSD 



toiABL 



toiABH 



120 ns Cl = 150pF 



85 ns- 



200 ns Slave, 

Cl = 150pF 



100 ns Cl = 150pF 



150 ns 



Otiier Timing 


Command 
recovery time 


tRVI 


120 


ns (Note 2) 


INTAK 
recovery time 


tRV2 


250 


ns (Note 3) 


INTAK/ 
command 
recovery time 


tRV3 


250 


ns (Note 4) 
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Timing Waveforms 

AC Test Input/Output Waveform 



~] C2^^==- Test Points -g^^Y " 



Read Cycle 





L 




AO.CS 




< 1 




■♦-^SAR'* 




■*-*HRA-* 










RD 




s 


^t,„„^ 


49-000164A 


r-^-tpRD ► 


1 




JAD * 






'- 









Write Cycle 




















1 1 


AO,CS 


y_ 




: 


(_ 1 






-- 


tsAW^ 




♦«HWA* 








• 




WR 




\ 


■ 






J^W-^ 






D7-D0 






> 






( 1 


•hwd— * 






49-0001 65A 



INTAK Sequence (CALL Mode) fjPD8085 



SAj-SAo- 




INTAK Sequence (Vector Mode) /jPD701 08/7011 6 




\-^^ 



SSIA 
"*" *OIAS"*" 



SA2-SA0- 



y 



i .Numbgr., ^ 



7'- V 



INTP Input Should be Maintaine d at Hig h Level 
until the Leading Edge of the 1st INTAK Pulse. 



Other Timing 



J 



INTAK" S^ 



^. J 



^~\ ;^ 



^. f 



R D/WR or INTAK \ ^ " 



INTAK or RD/WR 



> ^ 
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Interrupt Operation 

Almost all microcomputer systems use Interrupts to 
reduce software overhead when controlling periph- 
erals. However, the number of interrupt pins on a CPU 
is limited. When the number of interrupt lines increases 
beyond that limit, external circuits like the//PD71059 
become necessary. 

The //PD71059 can process eight interrupt request 
according to an allocated priority order and transmit 
the signal with the highest priority to the CPU. It also 
supplies the CPU with information to ascertain the 
interrupt routine start address. Cascading //PD71059s 
by connecting up to eight "slave" /yPD71059s to a 
single "master" //PD71 059 permits expansion to up to a 
maximum of 64 Interrupt request signals. 

Interrupt system scale (master/slave), interrupt routine 
addresses, interrupt request priority, and interrupt 
request masking are all programmable, and can be set 
by the CPU. 

Normal Interrupt operation for a single ^(PD71 059 is as 
follows. First, the initialization registers are set with a 
sequence of initialization words. When the/;(PD71059 
detects an interrupt request from a peripheral to an 
INTP pin it sets the corresponding bit of the interrupt 
request register (IRR). The interrupt is checked against 
the interrupt mask register (I MR) and the interrupt 
service register (ISR). If the interrupt is not masked 
and there is no other interrupt with a higher priority in 
service or requesting service. It generates an INT 
signal to the CPU. 

The CP U acknowledges the interrupt by bringing the 
INTAK line low. The)uPD71059 then outputs interrupt 
CALL o r vector data onto the data bus in response to 
INTAK pulses. During the last INTAK pulse, the 
//PD71059 sets the corresponding bit in its ISR to 
indicate that this interrupt is in service and to disable 
interrupts with lower priority. It resets the bit in the IRR 
at this point. When the CPU has finished processing 
the interrupt. It will inform the//PD71059 by sending a 
finish interrupt (Fl) command. This resets the bit in the 
ISR and allows the//PD71059 to accept interrupts with 
lower priorities. If the//PD71059 is in the self-FI mode, 
the ISR bit is reset automatically and this step is not 
necessary. 



Software Features 

The^fPD71059 has the following software features: 



Interrupt types: 
Interrupt masking: 
End of interrupt: 



• Priority rotation: 



CALL/vector 
Normal/extended nesting 
Self-FI/normal Fl/ 
specific Fl 

Normal nested/extended 
nested/exceptional nested 
Automatic priority rotation 
Rotate to specific priority 



• Polled mode 

• CPU-readable registers 

Hardware Configurations 

The //PD71059 has the following hardware config- 
urations: 



• Interrupt input: 

• Cascading //PD71 059s: 

• Output driver control: 
Mode Control 



Edge/level sensitive 
Single/extended 
(master/slave) 
Buffered/non-buffered 



These features and configurations are selected and 
controlled by the four initialization words (IW1-IW4) 
and the three command words (IMW, PFCW, and 
MCW). The format of these words are shown in figures 
2 and 3, respectively. 

Control Words 

There are two types of //PD71059 control words: 
initialization words and command words. 

There are four initialization words: IW1-IW4. These 
words must be written to theyLfPD71 059 at least once to 
initialize it. They must be written in sequence. 

There are three types of command words: interrupt 
mask word (IMW), priority and finish control word 
(PFCW), and the mode control word (MCW). These 
words can be written freely after Initialization. 
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Initialization Words 

Initialization sequence. When data is written to a 
//PD71059 after setting Aq = and D4 = 1, data is 
always accepted as IW1. This results in a default 
initialization as shown below. See figure 1. 

(1) The edge-trigger circuit of the INTP input is 
reset. IRR is cleared in the edge-trigger mode. 

(2) ISR and IMR are cleared. 

(3) INTP7 receives the lowest priority; INTPq 
receives the highest. 

(4) The exceptional nesting mode is released. IRR 
is set as the register to be read. 

(5) Register IW4 is cleared. The normal nesting 
mode, non-buffer mode, Fl command mode, 
and CALL mode are set. 

Initialization Words. The initialization words are written 
consecutively, and in order. The first two, I W1 and I W2, 
set the interrupt address or vector. IW3 specifies which 
interrupts are slaves for master systems, and defines 
the slave number of a slave system. Therefore, IW3 is 
only required in extended systems. The/t/PD71059 will 
only expect it if bit Di of IW1, SNGL = 0. IW4 is only 
written if bit Dq of I W1 ,14 = 1. See figure 2 for the format 
of the initialization words. 

Command Words 

The command words give various commands to a 
/UPD71059 during its operation to change Interrupt 
masks and priorities, to end interrupt processing, etc. 
See figure 3. 

IMW [Interrupt Mask Word]. This word masks the IRR 
and disables the corresponding INTP interrupt re- 
quests. It also masks the ISR in the exceptional nesting 
mode. Bits M7-M0 correspond to the interrupt levels of 
INTP7-INTP0, respectively. 

In the exceptional nesting mode, interrupts corre- 
sponding to the bits of IRR and ISR are masked if the 
Mn bit is set to 1. 

PFCW [Priority and Finish Control Word]. This word 
sets the Fl (finish interrupt) command that defines the 
way that interrupts are ended, and the commands that 
change interrupt request priorities. 

When RP (rotate priority) is set to 1 , the priorities of the 
interrupt requests change (rotate). The priority order 
of the 8 INTP pins is as shown in figure 4. Setting a level 
as the lowest priority sets all the other levels corre- 
spondingly. For example, if INTP3 is the lowest 
priority, INTP4 will be the highest. (INTP7 has the 
lowest priority after initialization). 



SIL (specify interrupt level) Is set to 1 to change the 
priority order or designate an interrupt level. It is used 
with the RP and Fl bits (bits D7 and D5). When SIL = 1 
and RP or Fl = 1, the level identified by IL2-iLo is 
designated as the lowest priority level. The other 
priorities will be set correspondingly. When used with 
Fl = 1, it resets the ISR bit corresponding to the 
interrupt level IL2-IL0. 

MCW [Mode Control Word]. This word is used to set 
the exceptional nesting mode, to poll theyuPD71059, 
and to read the ISR and IRR registers. 

Figure 1. Initialization Sequence 



CPU Sends 

IW1 

[Ao = 0, D4 = 1 



CPU Sends 
IW2 




CPU Sends 
IW3 
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Bits SR and IS/IR are used to read the contents of the 
IRR and ISR registers. When SR = 0, no operation is 
performed. To read IRR or ISR, set Aq = and select 
the IRR or ISR register by writing to MCW. Tojelect 
the IRR register, write MCW with SR = 1 and IS/l£=0. 
To select the ISR, write MCW with SR = 1 and IS/IR = 1 . 
The selection is retained, and MCW does not have to 
be rewritten to read the same register again. IRR and 
ISR are not masked by the I MR. 



Figure 2. Initialization Word Formats (Sheet 1 of 2) 
















IW1 [Initialization Word 1] 

Ao Dj De Ds D4 D3 Dj 


Di D„ 




49-000160C 


1 1 1 A, 1 Ae 1 A5 1 1 1 LEV 1 AG4 


1 SNGL 1 14 1 
















1 














i 








iW4 
Selection 


1 


IW4 Write 





IW4 Not Written 




1 


' 










The Higher 3 Bits of 
the Lower Byte of 
the interrupt Routine 
Address in CALL Mode 




. 


interrupt 
Scale 


1 


Single Mode 


' 





Extended Mode 














CALL Mode 
Address Gap 


1 


4 Bytes 













8 Bytes 










INTP input 
Trigger 


1 


Level-Trigger Mode 











Edge-Trigger Mode 


IW2 llnltiailzation Word 2] 

AO D, De D5 D4 D3 Dj 


0^ 


Do 




1 1 1 1 A,s/V7 1 A„/Vg 1 A,3/V5 1 A,j/V4 1 A„/V3 | A,„ 


1 A, A, 1 




































A, 5- A,: Higher Byte of Interrupt Routine 
Address in CALL Mode 

V7-V3: The Higher 5 Bits of Interrupt 
Vector Number In Vector Mode 








IW3 [Initialization Word 3] Master Mode 

A„ 0-, De D5 D4 D3 Dj 


D, 


Do 




1 1 1 1 S. 1 Se 1 S, 1 S4 1 S3 1 S, 


1 s, 1 s„ 1 


































Slave 


1 


INTP input Is a Slave 











INTP Input is Not a Slave 
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Figure 2. Initialization Word Formats (Sheet 2 of 2) 






















IW3 llnitlallzation Word 3] Slave Mode 

A„ D7 De D5 D4 D3 Dj 


D, 


Do 






49-(XX)161C 


1 1 1 1 1 I 1 1 1 SN: 


SN, 


SN„ 




" 


'f 


^ 








Slave Number 






















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 


IW4 [Initialization Word 4] 


D5 D4 D3 Dj 


Di 


Do 






I 1 I 1 1 1 1 EXTN 1 BUF 1 BSV 


SFI 


V/C 
















1 












' 






Interrupt 

Mode 

Select 


1 


Vector Mode 





CALL Mode 






Fl 
Mode 


1 


Self-FI Mode 







Fl Command Mode 






Buffer 
Mode 
Select 


BUF 


BSV 







X 


Non-Buffer Mode 








1 


1 


Buffer Mode Master 




1 





Buffer Mode Slave 






Extended 
Nest 


1 


Extended Nest Mode 











Normal Nest Mode 
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Figure 3. Command Word Format 



IMW [Interrupt Mask Word] 



1 Mr 1 Me 1 M, 


-. 


M, 


M: 1 M, 


MoJ 
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With Rotation 



Without Rotation 



Normal Fl Command 



Normal Rotation Fi Command 



Specific Fl Command 



Specific Rotation Fl Command 



No Operation 



Specific Rotation Command 



Self-Fi Mode Rotation Reset 



Self-FI Mode Rotation Set 



MCW [Mode Control Word] 
Ao D7 



Exceptional 

Nesting 

Mode 



i — J. 
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Exceptional Nesting Mode Release 



7-78 



SEC 



//PD71059 



Figure 4. INTP Priority Order 
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CALL or Vector Modes 

The//PD71059 passes interrupt routine address data to 
tine CPU in two modes, depending on the CPU type. 
Thjs mode is set by bit V/C in initialization word IW4. 
V/C is set to one to to select the vector mode for 
)uPD701 08/701 1 6 CPUs, and reset to zero to select the 
CALL mode for//PD8085A CPUs. 

CALL Mode [atPDSOSSA CPUs] 

In this mode, when an interrupt is acknowledged by 
the CPU, the//PD71059 o utputs t hree bytes of interrupt 
data to the d ata bus in its INTAK sequence. During the 
first INTAK pulse from the CPU, theA<PD 71 059 o utputs 
the CALL opcode OCDH. During the next INTAK pulse, 
it outputs the lower byte of a two-b yte interrupt routine 
address. During the third INTAK pulse, it outputs the 
upper byte of the address. The CPU interprets these 
three bytes as a CALL instruction and execu tes the 
CALL interrupt routine. See figure 5 and the INTAK 
sequence (CALL mode) //PD8085 diagram in the AC 
Timing Waveforms. 

Interrupt routine addresses are set using words IW1 
and IW2during initialization. However, only the higher 
ten or eleven bits of the interrupt addresses are set, 
A15-A6 or A15-A5. The //PD71059 sets the remaining 
low bits (D5-D0 or D4-D0) to get the address of INTPp's 
interrupt routine. The addresses for INTP1-INTP7 are 
set in order of interrupt level. The space between 
interrupt addresses is determined by setting the AG4 
bit (address gap 4 bytes) of IW1. When AG4 = 1, the 
interrupt routine starting addresses are 4 bytes apart. 
Therefore, the starting address for INTPn is the starting 
address for INTPq plus four times n. When AG4 = 0, 
starting addresses are eight bytes apart, so the starting 
address for INTPp is the starting address for INTPq 
plus eight times n. See figure 6. 



Vector Mode [ArPD701 08/7011 6 CPUs] 

In the vector mode, the//PD71059 outputs a o ne-byte 
interrupt vector number to the data bus in the INTAK 
sequence. The CPU uses that vector number to gen- 
erate an interrupt routine address. See figure 7. 

The higherfive bits of the vector number, V7-V3, are set 
by IW2 during initialization. The )uPD71059 sets the 
remaining three bits to the number of the interrupt 
input (0 for INTPq. 1 for INTP1, etc). See figure 8. 

The CPU generates an interrupt vector by multiplying 
the vector number by four, and using the result as the 
address of a location in an interrupt vector table 
located at addresses 000H-3FFH. See figure 9. 

System Scale Modes 

The//PD71059 can operate in either single mode, with 
up to eight interrupt lines orextended mode, with more 
than one //PD71059 and more than eight interrupt 
lines. In extended modea//PD71059 is in either master 
or slave mode. 

Bit Di, SNGL (single mode), of the first initialization 
word IW1 designates the scale of the interrupt system. 
SNGL = 1 designates that only one//PD71059 is being 
used (single mode system). SNGL = designates an 
extended mode system with a master and slave 
A/PD71059S. In the single mode (SNGL = 1), the SV 
input and IW4 buffer mode bits D3 and D2 do not 
indicate a master/slave relation for the//PD71059. 

Single Mode 

This mode is the normal mode of //PD71059 operation. 
It has been described in the Interrupt Operation 
description. See figure 10 for a system example. 

Extended Mode 

In this mode, up to 64 interrupt requests can be 
processed using a master (//PD71059 in master mode) 
connected to a maximum of eight slaves (/yPD71059s 
in slave mode). See figure 11 for a system example. 
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Figure 5. CALL Mode Interrupt Sequence 
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Figure 6. CALL Mode Interrupt Address Sequence 
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Figure 7. Vector Mode Irtterrupt Sequence 
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Figure 8. Vector Numbers Output In Vector Mode 
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Figure 9. Interrupt Vectors for the fjRDVOI 08/701 16 
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Figure 10. Single Mode System 
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Figure 11. Extended System Example with Three Slaves 
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Master Mode 

When a//PD71059 is a master in an extended mode 
system, S7-S0 of IW3 (master mode) define which of 
INTP7-INTP0 are inputs from slave )L(PD71059s or 
peripheral interrupts. 

Consider an interrupt request from I NTPp. If Sn = 0, the 
interrupt is from a peripheral (for example, INTPq of 
the master /L(PD71 059 in Figure 11), and theAfPD71059 
treats it the same way it would if it were in the single 
mode. SA2-SA0 outputs are low level and the master 
provides the interrupt address or vector number. 

If Sn = 1, the interrupt is from a slave (for example, 
INTP7 of the master). The master sends an interrupt to 
the CPU if the slave requesting the interrupt has 
priority. The master then output s slave address n to 
pins SA2-SA0 on the first INTAK p ulse by the CPU. It 
lets slave n perform the rest of the INTAK sequence. 



Slave Mode 

When a slave receives an interrupt request from a 
peripheral, and the slave has no interrupts with higher 
priority in service, it sends an interrupt request to the 
master through its INT output. When the interrupt is 
accepted by the CPU through the master, the master 
outputs the slave's address on pins SA2-SA0. Each 
slave compares the address on SA2-SA0 to its own 
address. The slave that s ent the interrupt will find a 
match. It completes the INTAK sequence the same 
way as a single //PD71059 would. 

The master outputs slave address when it is proces- 
sing a non-slave interrupt. Therefore, do not use as a 
slave address if there are less than eight slaves con- 
nected to the master. 

Figures 12 and 13 show the interrupt operating se- 
quences for slaves in the extended mode. 
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Figure 12. Interrupt from Slave (CALL Mode) 
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Figure 13. Interrupt from Slave (Vector Mode) 
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Buffer and Non-Buffer Modes 

In a large system, a buffer may be needed by the 
yLfPD71059 to drive the data bus. A buffer mode is 
supplied, with a signal to specify the buffer direction. 
In the buffer mode, SV (BUFR/W) is used to select the 
buffer direction and SV cannot be used to specify the 
master/slave mode. The master/slave selection must 
be set by IW4. IW4 bit D3, BUF (buffer) and Dg, BSV 
(buffered slave) are used together to set the buffer 
mode and master/slave relation. When BUF = 0, the 
non-buffer mode is set and BSV has no meaning. When 
BUF = 1, the buffer mode is set. In buffer mode, the 
fJlPD7^ 059 is a master when BSV = 1 , a slave when BSV 
= 0. See figure 14. 

Nesting Modes 

The way ayuPD71059 handles interrupts when there is 
already an interrupt in service depends on the nesting 
mode. 

Normal Nesting Mode 

This mode is set when iW4 is not written or when IW4 
has EXTN = 0. It is the most common nesting mode. 
See figure 15. 

When an interrupt is being executed in this mode (cor- 
responding bit of ISR = 1 ), only interrupt requests with 
higher priority can be accepted. 

Extended Nesting Mode 

This mode is only applicable to a master in the 
extended mode. A slave's eight interrupt priority levels 
become only one priority level when viewed by the 
master. Therefore, a request made by a slave with a 
higher priority than a previous request from the same 
slave will not be accepted. This cannot be called 
complete nesting since priority ranking within slaves 
loses its significance. 

The extended nesting mode is set by setting bit D4 of 
IW4 in both the master and the slave. Interrupt requests 
of a higher level than the one currently being serviced 
can be accepted in the master from the same slave in 
the extended nesting mode. 

Care should be exercised when issuing an Fl (finish 
interrupt) command in the extended nesting mode. In 
an interrupt by a slave, the CPU first issues an Fl 
command to the slave. Then, the CPU reads the slave's 
in-service register (ISR) to see if that slave still has 
interrupts in service. If there are no interrupts in 
service, (ISR = OOH) an Fl command is issued to the 
master, as in the single mode when an interrupt is 
made by a peripheral. 



Figure 14. Buffer Mode 
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Figure 15. Normal Nesting Mode 
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Exceptional Nesting iMode 

A//PD71059 in the normal or extended nesting mode 
cannot accept interrupts of a lower priority than the 
interrupts in service. Sometimes, however, it is desir- 
able that requests with lower priority be accepted 
while higher-priority interrupts are being serviced. 
Setting the exceptional nesting mode allows this. After 
releasing the exceptional mode, the previous mode is 
resumed. 

The exceptional nesting mode is controlled by the 
SNM (set nesting mode) and EXCN (exceptional nest- 
ing mode) bits (De and D5) of MCW. They set and 
release the exceptional nesting mode. The mode 
doesn't change when SNM = 0. Exceptional nesting is 
set if SNM and EXCN = 1 and released when SNM =1 
and EXCN = 0. 

Setting a bit in the IMW in the exceptional nesting 
mode, inhibits interrupts of that level and allows 
unmasked interrupts to all other levels, higher or lower 
priority. 

The procedure for setting the exceptional nesting (EN) 
mode is as follows: 

(1) Read the ISR. 

(2) Write the ISR data to the I MR. 

(3) Set the exceptional nesting mode. 

In this way, all interrupt requests not currently in 
service will be enabled. 

Figure 16 (a) shows what happens if IMR is not set to 
ISR. When the exceptional nesting is set, bit 2 of ISR 
will be ignored, and bit 5 will be serviced. Servicing bit 
5 will mask the lower priority interrupts 6 and 7. When 
the ISR is set equal to the IMR as in (b), all interrupts 
except 2 and 5 can be serviced when the exceptional 
nesting mode is set. 

Issuing an Fl command to a level masked by the 
exceptional nesting mode requires caution. Since the 
ISR bit is masked, the normal Fl command will not 
work. For this reason, a specificFI command specifying 
the ISR bit must be issued. After the exceptional mode 
is released, the normal Fl command may be used. 



Figure 16. Exceptional Nesting Mode 
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Finishing interrupts (Fl) and Changing 
the Priority Leveis 

The priority and finish control word (PFCW) issues Fl 
commands and changes interrupt priorities. 

Normai Fl Command 



PFCW = 



When a normal Fl command is issued, theA(PD71059 
resets the ISR bit corresponding to the highest priority 
level selected from the interrupts in service. This 
operation assumes that the interrupt accepted last has 
ended. 

When an interrupt routine changes the priority level or 
the exceptional nesting mode is set, this command will 
not operate correctly because the highest priority 
interrupt is not necessarily the last interrupt in service. 
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Specific Fl Command 

D7 De D5 D4 D3 D2 Di Do 
PFCW = 
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1 








IL2 


IL1 


ILo 



When the specific Fl command is issued, the/yPD71059 
resets the ISR bit designated by bits IL2-IL0 of the 
PFCW. This command is used when the normal nesting 
mode isn't being used. 

Seif-FIIMode 

When SFI of IW4 = 1 , they[/PD71059 is set to the self-FI 
mode. In this mode, the ISR bit corresp onding to the 
interrupt is set and reset during the third INTAK pulse. 
Therefore, the CPU does not have to issue an Fl 
command when the interrupt routine ends. In this 
mode, however, the ISR does not store the routine in 
service. Unless interrupts are disabled by the interrupt 
routine, newly generated interrupt requests are gen- 
erated without priority limitation by the ISR. This can 
cause a stack overflow when frequent interrupt requests 
occur, or when the interrupt is level triggered. 

Seif-FI Rotation 

Rotation of interrupt priorities can be added to the 
self-FI mode. In this case, the corresponding interrupt 
is set to the lowest priori ty level when a bit is reset in 
the ISR at the end of the INTAK sequence. 

Self-FI Rotation Set: 



D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


1 














X 


X 


X 



PFCW = 

Self-FI Rotation Reset: 

D7 De D5 D4 D3 D2 Di Do 
PFCW = 

Normal Rotation Fl Command 


















X 


X 


X 





D7 


De 


D5 


D4 


Da 


D2 


Di 


Do 


PFCW = 


1 





1 








X 


X 


X 



D7 


De 


D5 


D4 


Ds 


D2 


Di 


Do 


1 


1 


1 








IL2 


IL1 


ILq 



When the normal rotation Fl command is issued, the 
A(PD71059 resets the ISR bit corresponding to the 
highest priority level selected from the interrupts in 
service, then rotates the priority levels so that the 
interrupt just completed has the lowest priority. 

Specific Rotation Fl Command 



PFCW = 



When the specific rotation Fl command is issued, the 
/UPD71059 resets the ISR bit designated by bits IL2-IL0 
of the PFCW and rotates the interrupt priorities so that 
the interrupt just reset becomes the lowest priority. 
This change in priority levels is different from the normal 
nesting mode, therefore, it is the user's responsibility 
to manage nesting. 

Specific Rotation Command 

D7 De D5 D4 Da D2 Di Do 
PFCW 



1 


1 











IL2 


IL1 


ILo 



When the specific rotation command is issued, the 
^fPD71059 sets the interrupt priority specified by IL2-IL0 
to the lowest priority. In this case also, the user must 
manage nesting. 

Triggering Mode 

Bit Da of the first initialization word, IW1 , is LEV (level- 
trigger mode bit). LEV sets the trigger mode of the 
INTP inputs. The level-trigger mode is set when LEV = 
1 . The rising-edge-triggered mode is set when LEV = 0. 

Edge-Trigger l\/lode 

In the edge-trigger mode, an interrupt is detected by 
the rising edge of the signal on an INTP input. 
Although an IRR bit goes high when INTP is hi gh, the 
IRR bit is not latched until the CPU returns an INTAK 
pulse. Ther efore, t he INTP input should be maintained 
high until INTAK is received. This filters out noise 
spikes on the INT lines. To send the next interrupt 
request, temporarily lowerthe INTP input, then raise it. 
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Level-Trigger Mode 

In the level-trigger mode, an IRR bit is set by the INTP 
input being at a high level, As in the edge-trig ger mod e, 
the INTP must be maintained high until the INTAK is 
received. Interrupts are requested as long as the INTP 
input remains high. Care should be taken so as not to 
cause a stack overflow in the CPU. See figure 17. 

Note: The /l(PD7105 9 opera tes as if the INTP7 interrupt had 
occurred if the INTAK pulse is sent to the//PD71 059 by the 
CPU when the /uPD71059 INT output level is low. Bit 7 of 
ISR is not set. Accordingly, if it is expected that this will 
occur, the INTP7 interrupt should be reserved for servicing 
incomplete interrupts. The Fl should not be issued for 
incomplete interrupts. See figure 18. 

Figure 17. INTP Input 




lAKSQ 

i 



SET 
P 



Figure 18. Incomplete Interrupt Request 



INTP - 

INT- 
INTAK - 






/ \ 







1 i First INTAK Pulse 


INT Sampling by CPU —H t— 


49-000167A 



When the CPU performs a read operation with Aq = in 
the polling mode, polling data as shown in figure 19 is 
read instead of ISR or IRR. The /UPD71059 then ends 
the polling mode. 



Figure 19. Polling Data 










O7 De D5 D4 


O3 


O2 


Di 


Do 


MCW = 1 INT 1 1 1 


" 


1 PLj 


PL, 


1 P"-" 1 


83-001635A | 



The INT bit has the same meaning as the INT pin. 
When it is set to 1, it means that the yt/PD71059 has 
accepted an INTP input. 

The PL2-PL0 (permitted level) bits show which INTP 
input requested an interrupt when INT = 1. 

If INT in the polling data is 1 , the//PD71 059 sets the ISR 
bit corresponding to the interrupt level shown by bits 
PL2-PL0 of the polling data and considers that interrupt 
as being executed. The CPU then processes the 
interrupt accordingly, based on the polling data read. 
An Fl command should be issued when this processing 
ends. 

Note: When a read is performed with AO = 1 after the polling 
command is sent to theA(PD71059, the IMR will be read 
instead of polling data. However, when the polling command 
is sent, theiuPD71059 operates in the same manner when 
Aq = as it does when Aq = 1 . This means that although Aq 
was set to 1, the /iPD71059 will send the contents of the 
IMR, but it will also set an ISR bit just as it would if AO had 
been set to zero. This may disturb the nesting. Therefore, 
performing a read operation with Aq = 1 immediately after 
sending the polling command should be avoided. 



Polling Operation 

When polling, the CPU should disable its INT input. 
Next, it issues a polling command to the //PD71059 
using MCW with POL = 1. This command sets the 
//PD71059 in polling mode until the CPU reads one of 
the //PD71059's registers. 
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//PD71071 
DMA CONTROLLER 



Description 

The //PD71071 is a high-speed, high-performance 
direct memory access (DMA) controller that provides 
high-speed data transfers between peripheral devices 
and memory. A programmable bus width allows 
bidirectional data transfer in both 8- and 1 6-bit systems. 
In addition, the/uPD71071 uses CMOS technology to 
reduce power consumption. 

The //PD71 071 can perform a variety of transfer func- 
tions including byte/word, memory-to-memory, and 
transfers between memory and I/O. The /uPD71071 
also utilizes single, demand, and block mode transfers; 
release and bus hold modes; and normal and com- 
pressed timing. 

Features 

D Four independent DMA channels 

D 16M-byte addressing 

D 64K-byte/word transfer count 

D 8- or 16-bit programmable data bus width 

D Enable/disable of individual DMA requests 

D Software DMA requests 

D Enable/disable of autoinitialize 

D Address increment/decrement 

D Fixed/rotational DMA channel priority 

D Terminal count output signal 

D Forced transfer termination input 

D Cascade capability 

D Programmable DMA request and acknowledge 

signal polarities 
D High performance: transfers to 5.33 Mbytes/s 
D 8-MHz operation 
D A'PD701 08/701 16-compatible 
D CMOS technology 
D Low-power standby mode 
D Single power supply, 5 V ±10% 
D Industrial temperature range, -40 to +85°C 



Ordering Information 




Part 
Number 


Package Type 


Maximum Frequency 
of Operation 


/YPD71071C 


48-pin plastic DIP 


8 MHz 


/iPD71071D 


48-pin ceramic DIP 


8 MHz 


/yPD71071G 


52-pin plastic miniflat 


8 MHz 


//PD71071L 


52-pin PLCC (available 3Q86) 


8 MHz 



Pin Configurations 

48-Pin Plastic DIP, Ceramic DIP 



CLK C 


1 V. 


-/ - 48 


J HLDHQ 




RESET C 


2 


47 


3 HLDAK 




END/TC C 


3 


48 


3 READY 




DMAAK3 C 


4 


45 


DCS 




DMAAK2 C 5 


44 


3 MWR 




DMAAK1 C 


6 


43 


3 MRD 




DMAAKO C 


7 


42 


3 lOWR 




DMARQ3 C 


8 


41 


3 lORD 




DMARQ2 C 


9 


40 


3 UBE 




DMARQ1 H 


10 


39 


3 AEN 




DMAROO C 


11 


38 


3 ASTB 




GND C 


12 


? 37 


DAo 




D15/A23 C 


13 


? 36 


3 Vdd 




D14/A22 C 


14 


^ 35 


DAi 




D13/A21 c 


15 


34 


D A2 




D12/A20 n 


16 


33 


DA3 




D11/A19 C 


17 


32 


D A4 




D10/A18 c 


18 


31 


DA5 




D9/A17 C 


19 


30 


D Ae 




D8/A16 c 


20 


29 


DA7 




D7/A15 c 


21 


28 


3 Do/As 




D6/A14 C 


22 


27 


3 D1/A9 




D5/A13 c 


23 


26 


3 D2/A10 




D4/A12 c 


24 


25 


3 D3/A11 


83-001 876A 











52-Pln Plastic Miniflat 
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Pin Identification 



Symbol 


Function 


A23-A8/ 
D15-D0 


Bidirectional address/data bus 


IC 


Internally connected; leave open 


A7-A4 


Address bus output 


NC 


Not connected 


A3-A0 


Bidirectional address bus 


Vdd 


Power supply 


ASTB 


Address strobe output 


AEN 


Address enable output 


UBE 


Upper byte enable input/output 


lORD 


I/Oread input/output 


lOWR 


I/O write input/output 


MRD 


Memory read output 


MWR 


Memory write output 


CS 


Chip select input 


READY 


Ready input 


HLDAK 


Hold acknowledge input 


HLDRQ 


Hold request output 


CLK 


Clock input 


RESET 


Reset input 


END/TC 


End DMA transfer input/terminal count output 


DMAAK3- 
DMAAKO 


DMA acknowledge output 


DMARQ3- 
DMARQO 


DMA request Input 


GND 


Ground 



Pin Functions 

CLK [Clock] 

CLK controls the internal operation and data transfer 
speed of the A<PD71 071. 

RESET [Reset] 

RESET initializes the controller's internal registers and 
leaves the controller in the idle cycle (CPU controls the 
bus). Active high. 



END/TC [End/Terminal Count] 

This is a bidirectional pin. The END input is used to 
terminate the current DMA transfer. TC indicates the 
designat ed cy cles of the DMA count transfer have 
finished. END/TC is open drain and requires an ext- 
ernal pull-up resistor. Active low. 



DMAAK3-DMAAK0 [DMA Acknowledge] 

DMAAK3-DMAAK0 indicates to peripheral devices 
that DMA service has been granted. DMAAK3-DM AAKO 
respond respectively to DMA channels 3-0 and the 
polarities are user programmable. 

DMARQ3-DMARQ0 [DMA Request] 

DMARQ3-DMARQ0 accept DMA service requests from 
peripheral devices. DMARQ3-DMARQ0 respond re- 
spectively to DMA channels 3-0 and the polarities are 
user programmable. DMARQ must remain asserted until 
DMAAK is asserted. 

GND [Ground] 

GND connects to the power supply ground terminal. 

A23-A8/D15-D0 [Address/Data Bus] 

/^23-/^8/Di5-Dofunctionasa 16-bit, multiplexedaddress/ 
data bus when the^uPDZI 071 is in the 1 6-bit data mode. 
In the 8-bit data mode, A23-A16 (pins 13-20) become 
address bits only and A15-A8/D7-D0 (pins21-28) remain 
an 8-bit multiplexed address/data bus. A23-A8/D15-D0 
are three-state. 

A7-A4, A3-A0 [Address Bus] 

A7-A4,A3-Aofunction as the lower eight bits of the address 
bus. A7-A4 output memory addresses during the DMA 
cycle and become high impedance in the idle cycle. 
A3-A0 function as the lowerfour bits of the address bus. 
In the idle cycle, A3-A0 become address inputs to select 
internal registers for the CPU to read or write. In the 
DMA cycle, A3-A0 output memory addresses. 

Vdd [Power Supply] 

Vdd connects to the +5-V power supply. 

ASTB [Address Strobe] 

ASTB latches add ressA23-A8 (16-bit mode)/Ai5-A8 (8- 
bit mode) from the address/data bus into an external 
address latch at the falling edge of ASTB during a DMA 
cycle. Active high. 

AEN [Address Enable] 

AEN enables the output of an external latch that holds 
DMA addresses. AEN becomes high during the DMA 
cycle. 
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UBE [Upper Byte Enable] 

UBE indicates the upper byte of the data bus is valid 
during t6-bit mode. In the idle cycle during data 
transf er, th e//PD71071 acknowledges data on D15-D8 
when UBE is asserted. During a DMA cycle, UBE goes 
low t o signify the presence of valid data on D15-D8. 
UBE has no meaning in 8-bit mode and becomes high 
impedance in the idle cycle and high level in the DMA 
cycle. Three-state, active low. 



MWR [Memory Write] 



lORD [I/O Read] 



In the idle cycle, lORD input s a read signal from the 
CPU. In the DMA cycle, lORD outputs a read signal to 
an I/O device. Three-state, active low. 



iOWR [I/O Write] 



In the idle cycle, IOWR input s a write signal from the 
CPU. In the DMA cycle, IOWR outputs a write signal to 
an I/O device. Three-state, active low. 



MRD [Memory Read] 

During t he DM A cycle, MRD outputs a read signal to 
memory. MRD is high impedance during the idle cycle. 
Three-state, active low. 



Block Diagram 



During t he DM A cycle, MWR outputs a write signal to 
memory. MWR is high impedance during the idle cycle. 
Three-state, active low. 

CS [Chip Select] 

During the idle cycle, CS selects the7/PD71071 as an 
I/O device. Active low. 

READY [Ready] 

During a DMA operation, READY indicates that a data 
transfer for one cycle has been completed and may be 
terminated. To meetthe requirements of low-speed I/O 
devices or memory, READY may be negated to insert 
wait states to extend the bus cycle until READY is again 
asserted. 

HLDAK [Hold Acknowledge] 

When active, HLDAK indicates that the CPU has 
granted the/wPD71 071 the use of the system bus. Active 
high. 

HLDRQ [Hold Request] 

HLDRQ outputs a bus hold request to the CPU. Active 
high. 



Bus Control Unit 



A3-A0 ( ) 

Do/A, \^ ^ 



CS 

CLK 

RESET 

READY 

ASTB 

AEN 

Dbe 

MRD, MWR < 
JORD.iOWR 



c=:> 



Address Bus 
Buffer 



Data Bus 
Buffer 



Bus Control 
Logic 



Internal Address 
Bus (24) 



Address 

(ncrementer/ 

Decrementer 

(24) 



Address 
Registers 



H 



(24x4) 



(24x4) 



u 



Control Ftegisters 



Internal Data Bus (16) 



DMA Control Unit 



0MARQ3 I 
DMARQO ' 

DMAAK3 
DMAAKO 

HLDRQ 
HLDAK ' 
END/TC 



Priority 
Control 
Logic 



Timing 
Control 
Logic 



Count 
Registers 



H 



(16x4) 



(16X4) 



Terminal Count 



n 



1 Channel 


<» 




Device Control 


(10) 1 




1 Status 


(8, 




1 Mode Control 


(7x4) 1 




Temporary 


(16) 1 




1 Request 


(4) 1 




1 Mask 


(4,| 



Count 

Decrementer 

(16) 
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Block Diagram Description 

The //PD71071 has the following functional units. 

• Bus control unit 

• DMA control unit 

• Address registers 

• Address incrementer/decrementer 

• Count registers 

• Count decrementer 

• Control registers 

Bus Control Unit 

The bus control unit consists of the address and data 
buffers, and bus control logic. The bus control unit 
generates and receives signals that control addresses 
and data on the internal address and data buses. 

DMA Control Unit 

The DMA control unit contains the priority and timing 
control logic. The priority control logic determines the 
priority level of DMA requests and arbitrates the use of 
the bus In accordance with this priority level. The DMA 
control unit also provides internal timing and controls 
DMA operations. 

Address Registers 

Each of the four DMA channels has one 24-bit base 
address register and one 24-bit current address register. 
The base address register holds a value determined by 
the CPU and transfers this value to the current address 
register during autoinitialization (address and count 
are automatically initialized). The channel's current 
address registeris incremented/decremented for each 
transfer and always contains the address of the data to 
be transferred next. 

Address I ncrementer/ Decrementer 

The address incrementer/decrementer updates the 
contents of the current address register whenever a 
DMA transfer completes. 

Count Registers 

Each of the four DMA channels has one 16-bit base 
count register and one 16-bit current count register. 
The base count register holds a value written by the 
CPU and transfers the value to the current count 
register during autoinitialization. A channel's current 
count register is decremented for each transfer and 
generates a terminal count when the count register is 
decremented to FFFFH. 

Note: The number of DMA transfer cycles is actually the value 
of the current count register + 1. Therefore, when pro- 
gramming the count register, specify the number of DMA 
transfers minus one. 
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Count Decrementer 

The count decrementer decrements the contents of the 
current count register by one when each DMA transfer 
cycle ends. 

Control Registers 

The//PD71071 containsthefollowing control registers. 



Channel 

Device 

Status 

Mode 

Temporary 

Request 

Mask 



These registers control bus mode, pin active levels, 
DMA operation mode, mask bits, and other//PD71071 
operating functions. 

Absolute Maximum Ratings 



Power supply voltage, Vdd 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to Vdd + 0.3 V 


Output voltage, Vq 


-0.5 to Vdd + 0.3 V 


Operating temperature. Tort 


-40 to +85 °C 


Storage temperature, Tstg (D/G) 


-65 to +150<'C 


Storage temperature, Tstg (C) 


-40 to +125°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device Is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 

Ta = 25''C 



Limits 



Parameter 



Symbol Typ Max Unit 



Test 
Conditions 



Output 
capacitance 


Co 


4 


8 


PF 


Input 
capacitance 


C| 


8 


15 


PF 



fc =1.0 MHz 
Unmeasured 
pins returned 
toOV 



I/O capacitance 



C|o 



18 pF 
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DC Characteristics 

Ta = -40 to +85 °C, Vdd = 5 V ±10% 



Limits 



Test 



Parameter 


Symbol 


IHin 


Typ Max Unit Conditions 


Input high 
voltage 


V|H 


3.3 


VoD+ V CLK input pin 
0.3 




2.2 


Vdd + V Other inputs 



0.3 



Input low 
voltage 


V|L 


-0.5 


0.8 


V 




Output high 
voltage 


VoH 


0.7 

Vdd 




V 


Iqh = -400 A/A 


Output low 
voltage 


Vol 




0.4 


V 


iOL = 2.5 mA; 
2.7 mA (TC) 


Input leakage 
current 


Ili 




±10 


A/A 


OV<V|<Vdd 


Output leakage 
current 


'lo 




±10 


M 


OV<Vo<Vdd 


Supply current 
(dynamic) 


Iddi 


15 


30 


mA 




Supply current 
(static) 


IdD2 


10 




M 


Inputs stable, 
outputs open 


AC Characteristics 

Ta = -40 to +85 °C, Vdd = 5 V ±10% 




Symbol 


Limits 




Unit 


Test 


Parameter 


Min 


Max 


Conditions 


DMA Mode 


Clock cycle 


tCYK 


125 




ns 




Clock pulse 
width high 


tKKH 


44 




ns 




Clock pulse 
width low 


tKKL 


55 




ns 




Clock rise time 


tKR 




10 


ns 


1.5 V-^ 3.0 V 


Clock fall time 


tKF 




10 


ns 


3.0 V-* 1.5 V 


Input rise time 


t|R 




20 


ns 




Input fall time 


t|F 




12 


ns 




Output rise time 


tOR 




20 


ns 




Output fall time 


tOF 




12 


ns 




DMARQ setup 
time to CLK high 


tSDQ 


35 




ns 


SI, SO, S3, SW, 
S4w 


HLDRQ high 
delay from 
CLK low 


tDHQH 




100 


ns 


S1, S4w 


HLDRQ low 
delay from 
CLK low 


Iqhql 




100 


ns 


S1,S0,S4w 


HLDRQ low 
level period 


tHQHQL 


2tCYK 
-50 




ns 


S4w 





Symbol 


Limits 




Unit 


Test 


Parameter 


MIn 


Max 


Conditions 


HLDAK high 
setup time to 
CLK low 


tSHA 


35 




ns 


SO, S4, S4w 


AEN high delay 
from CLK low 


tOAEH 




90 


ns 


S1,S2 


AEN low delay 
time from CLK 
low 


^DAEL 




90 


ns 


SI, S4w 


ASTB high 
delay time 
from CLK low 


tDSTH 




70 


ns 


SI 


ASTB low delay 
time from CLK 
high 


toSTL 




70 


ns 


SI 


ASTB high level 
period 


tSTSTH 


tKKL 
-15 




ns 




ADR/UBE/RD/ 
Vl/R (1) active 
delay from CLK 
low 


tPA 




100 


ns 


S1,S2 


ADR/UBE/RD/ 
WR float time 
from CLK low 


tFA 




70 


ns 


SI, S4w 


ADR setup time 
to ASTB low 


tSAST 


tKKL 
-50 




ns 




ADR hold time 
from ASTB low 


tHSTA 


tKKH 
-20 




ns 




ADR/UBE off 
delay time from 
CLK low 


tDAF 





70 


ns 


S1,S2 


RD low delay 
time from ADR 
float 


tDAR 


-10 




ns 




Input data delay 
time from MRD 
low 


tOMRID 




2tcYK 
-100 


ns 


S12 


input data hold 
time from MRD 
high 


tHMRID 







ns 


S14 


Output data 
delay time from 
CLK low 


toOD 


10 


100 


ns 


S22 


Output data 
hold time from 
CLK high 


tHOD 


10 




ns 


S24 


Output data 
hold time from 
MWR high 


tHMWOD 


tKKL - 50 




ns 
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AC Characteristics (cent) 





Symbol 


Limits 




Unit 


Test 


Parameter 


Min 


Max 


Conditions 


DMA Mode (cont) 


RD low delay 
time from CLK 
low 


tOKLR 




70 


ns 


S2 normal 
timing 


RD low delay 
time from CLK 
high 


tOKHR 




70 


ns 


S2 compressed 
timing 


RD low level 


tRRL1 


2tcYK-50 




ns 


Normal timing 


period 


tRRL2 


tCYK + 
tKKH - 50 




ns 


Compressed 
timing 


RD high delay 
time from CLK 
low 


tORH 


15 


100 


ns 


S4 


ADR delay time 
from RD high 


tDRA 


tcYK-40 




ns 




WR low delay 
time from CLK 
low 


town 


10 


70 


ns 


S3 normal 
write 


WR low delay 
time from CLK 
low 


tDWL2 


10 


70 


ns 


S2 extended 
write, normal 
timing 


WR low delay 
time from CLK 
high 


tDWL3 


10 


70 


ns 


S2 extended 
write, 

compressed 
timing 



WR low level 


twwLl 


tcYK-50 


ns 


Normal write 


period 


tWWL2 


2tcYK-50 


ns 


Extended write, 
normal tirtiing 




tWWL3 


tCYK + 
tKKH -50 


ns 


Extended write, 

compressed 

timing 



WR high delay 
from CLK low 


tDWH 


10 


80 


ns 


S4 


RD, WR low 
delay from 
DMAAK active 


tODARW 







ns 


S1,S2 


RD high delay 
time from WR 
high 


tDWHRH 


5 




ns 




DMAAK delay 
time from CLK 
high 


tOKHDA 


10 


70 


ns 


S1 I/O memory 
timing 


DMAAK delay 
time from CLK 
low 


tOKLDA 


10 


115 


ns 


SI cascade 
mode 


DMAAK inactive 
delay time from 
CLK high 


tODAII 


10 


70 


ns 


S4 



Limits 



Test 



Parameter 


Symbol 


Min 


IVIax 


Unit Conditions 


DMAAK inactive 
delay time from 
HLDAK low 


tDDAI2 


5 


tKKL 
+ 80 


ns S4 cascade 
mode, HLDAK 
low in S4 




tOOAIS 


fKKL 
+ 80 


'♦tCYK 
+ 80 


ns S4 cascade 
mode, HLDAK 
low except in 
S4 



DMAAK active 
level period 


tOADA 


2tCYK 




ns 


Cascade mode 


Tc low delay 
time from CLK 
high 


^DTCL 




100 


ns 


S3 


Tc off delay 
time from CLK 
high 


tOTCF 




40 


ns 


S4 


TC high delay 
time from CLK 
high 


tOTCH 




tKKH+ 
tCYK 
-10 


ns 


to 2.2 V (2) 


Tc low level 
period 


tTCTCL 


tCYK 
-15 




ns 




END low setup 
time to CLK high 


tSED 


35 




ns 


82 


END low level 
period 


tEDEDL 


100 




ns 




READY setup 
time to CLK high 


tSRY 


35 




ns 


S3, SW 


READY hold 
time from CLK 
high 


tHRY 


20 




ns 


S3,SW 



Note: 

(1 ) RD/WR refers to lORD or MRD and lOWR or MWR, respectively. 

(2) For END/TC, output load capacitance = 75 pF maximum. To 
meet the Idtch parameter use a 2.2-kn pull-u p resistor with a 
load capacitance of 75 pF. For other than END/TC, output load 
capacitance = 100 pF maximum. 
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AC Characteristics (cont) 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 


Programming Mode and RESET 


lOWR low level 
period 


tjWIWL 


100 


ns 




CS low setup 
time to lOWR 
liigh 


tscsiw 


100 


ns 




CS hold time 
from lOWR high 


tHIWCS 





ns 




ADR/UBE setup 
time to lOWR 
high 


tSAIW 


100 


ns 




ADR/UBE hold 
time from lOWR 
high 


tHIWA 





ns 




Input data 
setup time to 
lOWR high 


tSIDIW 


100 


ns 




Input data hold 
time from lOWR 
high 


Ihiwid 





ns 




lORD low level 
period 


tiRIRL 


150 


ns 




ADR/CS setup 
time to lORD low 


tSAIR 


35 


ns 




ADR/CS hold 
time from lORD 
high 


tHIRA 





ns 




Output data 
delay time from 
lORD low 


toiROD 


120 


ns 




Output data 
float time from 
lORDhigh 


tpiROD 


100 


ns 




RESET high 
level period 


tRESET 


2tCYK 


ns 




Vdd setup time 
to RESET low 


tsVDD 


500 


ns 




lOWR/IORD 
wait time from 
RESET low 


tSYIWR 


2tcYK 


ns 


RESET low to 
first read/write 


lOWR/IORD 
recovery time 


tRVIWR 


200 


ns 





Timing Waveforms 

Timing Measurement Points 



,4 V A££v; 



Test 
Points 



2.2 V\/ 



C/oc/r Timing 










IKF — 


«-lKKL-* 


— tKR 


r- 3.0 V 


4W100784A 


CLK 1.5 V 


,;::::::; 


f J 

■^•kkh-» 











Input/Output Edge Timing 



" t" 1 ^ 



"t!L_T 
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Timing Waveforms (cont) 

Memory-to-Memory Transfer Timing 
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Programming Mode and RESET Timing 
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Timing Waveforms (cont) 
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Functional Description 

DMA Operation 

The /UPD71071 functions in three cycles: idle, DMA, 
and standby. In an idle or standby cycle, the CPU uses 
the bus, while in a DMA cycle, theyuPDyiOTI uses it. 

Idle Cycle. In an idle cycle, there are no DMA cycles 
active, but there may be one or more active DMA 
requests; however, the CPU has not released the bus. 
The//PD71071 will sample the four DMARQ input pins 
at every clock. If one or more inputs are active, the 
corresponding DMA request bits (RQ) are set in the 
status register and the //PD71071 sends a bus hold 
request to the CPU. The /uPD71071 continues to 
sample DMA requests until it obtains the bus. 

After the CPU returns a HLDAK signal and the 
/;(PD71071 obtains the bus, the A/PD71071 stops DMA 
sampling and selects the DMA channel with the highest 
priority from the valid DMA request signals. Program- 
ming of the//PD71071 is done when the/iPD71 071 isin 
the idle cycle or the standby mode. 

DMA Cycle. In a DMA cycle, theyuPD71071 controls the 
bus and performs DMA transfer operations based on 
programmed information. Figure 1 outlines the sequen- 
tiaiflow of a DMA operation. 

Standby Mode. The /;»PD71071 can also be used in 
standby mode. It is in standby mode and consumes the 
static supply current (Idd2) when the clock is turned off 
and no I/O read or write operations are being per- 
formed. All internal registers will retain their contents. 



The/wPD71071_can be programmed (using lOWR) and 
read (using lORD) with the clock off. The)uPD71071 
only uses the clock for the DMA data transfer cycles. 
The clock may be turned off without altering the 
internal registers when the /yPD71071 is in the idle 
cycle, if the clock is turned off during a DMA transfer, 
the /iPD71071 will not operate correctly. When the 
clock is off, the DMARQ inputs will not be recognized. 
The DMARQ inputs could be externally logically ORed 
and cause an interrupt to the CPU. The CPU could then 
turn on the clock, thus activating the //PD71071. If the 
previously programmed mode of operation is still valid, 
the)uPD71071 does not have to be reprogrammed. 

Data Bus Width 

In order to allow an easy interface with an 8- or 16-bit 
CPU, the data bus width of the //PD71071 is user 
programmable for 8 or 1 6 bits. A 1 6-bit data bus allows 
16-bit memory-to-memory DMA transfers and also 
provides a one-l/0 bus cycle access to the 16-bit 
internal registers. 



Ta ble 1 shows the relationship of the data bus width, 
Aq, UBE, and the internal registers. 

Table 1. Data Bus Width 

Bus Width Ag UBE Internal Read/Write Registers 



I bits 



X Dy-Do- 



■ 8-bit internal register 



16 bits 



1 D7-D0 ■ 



8-bit Internal register 



1 D15-D8 
Di5-bo 



8-bit internal register 
16-bit internal register 



Figure 1. DMA Operation Flow 
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Terminal Count 

The//PD71071 ends DMA service whe n it generates a 
terminal count (TC) or when the END input becomes 
active. A terminal count is produced when a borrow is 
generated by the current count register and a low-level 
pulse is output to the TU pin. Figure 2 shows that the 
current count register is tested after each DMA 
operation. 

If autoinitlalize is not set when DMA service ends, the 
mask register bit applicable to the channel where 
service ended is set, and the DMARQ input of that 
channel is masked. 

DMA Transfer Type 

The type of transfer the //PD71 071 performs depends 
on the following conditions. 

• Memory-to-memory transfer enable 

• Direction of memory-to-l/0 transfer (each channel) 

• Transfer mode (each channel) 

• Bus nriode 

Memory-to-Memory Transfer Enable. The juPD71071 
can perform memory-to-l/0 transfers (one transfer 
cycle in one bus cycle) and memory-to-memory trans- 
fers (one transfer in two bus cycles). To select 
memory-to-memory transfer, set bit of the device 
control register to 1. The DMA channels used in 
memory-to-memory transfers are fixed, with channel 
as the source channel and channel 1 as the destination 
channel. Channels 2 and 3 cannot be used in memory- 
to-memory transfers. The contents of the count 
registers and word/byte transfer modes of channels 
and 1 should be the same when performing memory- 
to-memory transfer. 

Figure 2. Generation of Terminal Count (TC) 









83-003758A 




N 


*l 


DMA Transfer 


1 


Decrement Current 
Count Register 


^^^ Borrow ^^^ 
^s,^^ Generated?^,^^ 








Terminal Count 






' 



For memory-to-memory byte transfer in 16-bit data 
bus mode, a read data from upper data bus is to be 
written to upper data bus, while a read data from lower 
data bus is to be written to lower data bus. Therefore, 
start addresses for source and destination must be the 
even-even or odd-odd. For word transfer, only even- 
even addresses are to be set for source and destination. 
(See Byte/Word Transfer paragraphs below.) When 
DMARQO (channel 0) becomes active, the transfer is 
initiated. 

During memory-to-memory bus cycles in the 16-bit 
mode, data read from the DMAC's upper (lower) data 
bus is written to the upper (lower) data bus of the 
destination device. Thus, for word transfers, only even 
source and destination addresses should be used. 

The DMA request input pin or a software DMA request 
to channel may initiate memory-to-memory transfers. 
The//PD71071 performs the fo llowi ng operations until 
a channel 1 terminal count or END input is present: 

• During the first bus cycle, the memory data pointed 
to by the current address register of channel is 
read into the temporary register of the //PD71071 
and the address and count of channel are updated. 

• During the second bus cycle, the temporary register 
data is written to the memory location shown by the 
current address register of channel 1, and the 
address and count of channel 1 are updated. 

Note: If DMARQ1 (channel 1) becomes active, the//PD71071 
will perform memory-to-l/0 transfer even though memory-to- 
memory transfer is selected. Since this may cause erroneous 
memory-to-memory transfers, mask out channel 1 (DMARQ1 ) 
by setting bit 1 of the mask register to 1 before starting 
memory-to-memory transfers. 

During memory-to-memory transfers, the addresses 
on the source side (channel 0) can be fixed by setting 
bit 1 of the device control register to 1 . In this manner, a 

Figure 3. Memory-to-Memory Transfer in 16-Bit Data 
Bus Mode 
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range of memory can be initialized witii tiie same value 
since the contents of the source address never change. 
During memory-to-memory transfer, the DMAAK signal 
and channel O's terminal count (TC) pulse are not 
output. (See figure 3.) 

Direction of IMemory-to-l/O Transfers. All DMA trans- 
fers use memory as a reference point. Therefore, a 
DMA read reads a memory location and v^^rites to an I/O 
port. A DMA write reads an I/O port and writes the data 
to a memory location. In memory-to-l/0 transfer, use 
the mode control register to set one of the transfer 
directions in table 2 for each channel and activate the 
appropriate control signals. 



Table 2. Transfer Direction 




Transfer Direction 


Activated Signals 


Memory -^ I/O (DMA read) 


lOWR, MRD 


I/O — ^ memory (DMA write) 


lORD, MWR 


Verify 

(Outputs addresses only. Does not 

perform a transfer.) 





Transfer IVIodes. In memory-to-l/0 transfer, the mode 
control register selects the single, demand, or block 
mode of DMA transfer for each channel. The conditions 
for the termination of each transfer characterize each 
transfer mode. Memory-to-memory transfers have no 
relationshipto single, demand, or block mode. Memory-to- 
memory transfers are a separate and distinct type of 
transfer mode. Table 3 shows the various transfer 
modes and termination conditions. 

Tabie 3. Transfer Termination 



Transfer Mode 


End of Transfer Conditions 


Single 


After each byte/word 


Demand 


END input 

Generation ot terminal count 

When DMA request of the channelin service 

becomes inactive 

When DMA request of a channel in higher priority 

becomes active (bus hold mode) 


Block 


END input 

Generation of terminal count 


Memory-to- 
memory 


END input 

Generation of terminal count 



Bus l\/lodes. The device control register selects either 
the bus release or bus hold mode. The bus mode 
determines when the/uPD71 071 returns the system bus 
totheCPU.TheiuPD71071 can be in either the release 
or hold modes for the single, demand, or block mode 
transfers. Therefore, there are six possible mode 
combinations. 



Figure 4 shows that in bus release mode, only one 
channel can receive service after obtaining the bus. 
When DMA service ends (end of transfer conditions 
depend on the transfer mode), the channel returns the 
bus to the CPU (regardless of the state of other DMA 
requests) and the //PD71071 enters the idle cycle. 
When theyuPD71 071 regains use of the bus, a new DMA 
operation begins. 



Figure 4. Bus l\/lodes 
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In bus hold mode, several channels can receive service 
without releasing the bus after obtaining it. If there is 
another valid DMA request when a channel's DMA 
service is finished, the new DMA service can begin 
after the previous service without returning the bus to 
the CPU. End of transfer conditions depend on the 
transfer mode. A channel cannot terminate (end count) 
a transfer mode and immediately start on its next set of 
transfers. There must be another DMA channel service 
interleaved or the//PD71071 will put in an idle cycle. 
The following shows an example of the possible se- 
quences for Channel 2. 

CHAN2 -^ CHANn (n = 0,1 ,3) -* CHAN2 

or, 

CHAN2 -* idle -* CHAN2 

The operation of single, demand, and block mode 
transfers depends on whether the /uPD71071 is in bus 
release or bus hold mode. In bus release mode, only 
one type of bus mode (single, demand, or block) is 
used each time the//PD71071 has the bus. In bus hold 
mode, multiple typesof transfers are possible. Channel 
might operate in the demand mode, and channel 1 , 
which could get the bus immediately after channel 0, 
could operate in block mode. 

Single Mode Transfer 

In bus release mode, when a channel completes the 
transfer of a single byte or word, the a'PD71071 enters 
the idle cycle regardless of the state of the DMA 
request inputs. In this manner, other devices will be 
able to access the bus on alternate bus cycles. 
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In bus hold mode, when a channel completes the 
transfer of a single byte or word, the //PD71071 
terminates the channel's service even if it is still 
asserting a DMA request signal. The yuPD71071 will 
then service the highest priority channel requesting 
the bus. If there are no requests from any other 
channel, the/iPD71 071 releases the bus and enters the 
idle cycle. 

Demand Mode Transfer 

In bus release mode, the currently active channel 
continues its data transfer as long as the DMA request 
of that channel is active, even though other DMA 
channels are issuing higher priority requests. When 
the DMA request of the serviced channel becomes 
inactive, the)uPD71071 releases the bus and enters the 
idle state, even if the DMA request lines of other 
channels are active. 

In bus hold mode, when the active channel completes 
a single transfer, the//PD7107 1 che cks DMA request 
lines (other request lines when END or TC, all request 
line s inc luding the last serviced channel when there is 
no END or TC). If there are active requests, the 
yuPD71071 starts servicing the highest priority channel 
requesting service. If there is no request, the/uPD71071 
releases the bus and enters the idle state. 

Block Mode Transfer 

In bus release mode, the current channel conti nues 
data transfer until a terminal count or the external END 
signal becomes active. During this time, the)uPD71071 
ignores all other DMA requests. After completion of 
the block transfer, theA<PD71071 releases the bus and 
enters the idle cycle even if DMA requests from other 
channels are active. 

In bus hold mode, the current channel tr ansfe rs data 
until a terminal count or the external END signal 
becomes active. When the service is complete, the 
A<PD71071 checks all DMA requests without releasing 
the bus. If there is an active request, the //PD71071 
immediately begins servicing the request. The 
yuPD71071 releases the bus after it honors all DMA 
requests or a higher priority bus master requests the 
bus. 

Figure 5 shows the operation flow for the six possible 
transfer and bus mode operations in DMA transfer. 

Byte/Word Transfer 

If the initialize command selects a 16-bit data bus 
width, the mode control register can specify DMA 
transfer in byte or word units for each channel. Table 
4 shows the update of the address and count registers 
during byte/word transfer. 



Table 4. 


Address and Count Registers 


Register 


Byte Transfer Word Transfer 


Address 


±1 ±2 


Count 


-1 -1 



During word transfers, two bytes starting at an even 
address are handled as one word. If word transfer is 
selected and the initial value of the set address is odd, 
the/yPD71071 will always decrement that address by 1, 
thus making the address even for the data transfer. For 
this reason, it is best to select even addresses when 
trans ferring words, to avoid destroying data. Aq and 
UBE control byte and word transfers. 

Table 5 show s the relationship between the data bus 
width, Aq and UBE signals, and data bus status. 

Table 5. Data Bus Status 



Data Bus Widtli 


Ao 


UBE 


Data Bus Status 


8 bits 


X 


1(1) 


D7-D0 valid byte 


16 bits 





1 


D7-D0 valid byte 




1 





D15-D8 valid byte 










D15-D0 valid word 


Note: 

(1) Always 1 for an 


8-bit bus. 







Compressed Timing 

In transfers between I/O and memory, a DMA transfer 
cycle is normally executed in four clocks. However, 
when the device control register selects compressed 
timing, one DMA cycle can be executed in a three-clock 
bus cycle. Compressed timing may be used in the 
release or hold modes when doing block transfers 
between I/O and memory. In the demand mode, only 
use compressed timing in the bus release mode. 
Compressed timing mode increases data transfer rates 
by 33%. 

The/iPD71071 is able to omit one clock period during 
compressed timing by not updating the upper 16 bits 
of the latched address. In block mode and demand bus 
release mode, addresses are output sequentially and 
the upper 16 bits of addresses latched in external 
latches need not be updated except after a carry or 
borrow from A7 to As. For this reason, during compres- 
sed timing, the SI state (output of upper 16 bits of an 
address for external latching) is omitted in the bus 
cycles except during the first bus cycle when the upper 
16 bits of an address are changed. Figure 6 shows one 
word waveforms for normal and compressed timing. 
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Figure 5. Transfer and Bus Modes Operations 
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Figures. Normal and Compressed Timing Waveforms Autoinitialize 
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Software DMA Requests 

TheyuPD71071 can accept software DMA requests in 
addition to DMA requests from the four DMARQ pins. 
Setting tine appropriate bit in the request register 
generates a software DMA request. The masl< register 
does not mask software DMA requests. Software DMA 
requests operate differently depending on which bus 
or transfer mode is used. 

Bus Mode. When bus release mode is set, the highest 
priority channel among software DMA requests and 
DMARQ pins is serviced, and all bits of the request 
register are cleared when the service is over. Therefore, 
there is a chance that other software DMA requests will 
be cancelled. 

When bus hold mode is set, only the corresponding bit 
of the request register is cleared after a DMA service is 
over. Therefore, ail software DMA requests will be 
serviced in the sequence of their priority level. 

Software DMA requests for cascade channels (see 
Cascade Connection) must be performed in bus hold 
mode. When a cascade channel is serviced, the master 
//PD71071 operational mode is changed to bus release 
mode temporarily and all bits of the request register 
are cleared when the cascade channel service is over. 
To avoid this, it is necessary to mask any cascade 
channels before issuing a software DMA request. After 
confirming that all DMA software services are complete 
and all bits of the request register are cleared, the 
cascade channel masks can be cleared. 

Transfer Mode. When single or demand mode is set, 
the applicable request bits are cleared and software 
DMA service ends with the transfer of one byte/word. 
When block mode or mem ory-t o-memory modes are 
set, service continues until END is input or a terminal 
count is generated. Applicable request bits are cleared 
when service ends. 



When the mode control register is set to autoinitialize a 
channel, the //PD71071 automatic ally initializes the 
address and count registers when END is input or a 
terminal count is generated. The contents of the base 
address and base count registers are transferred to the 
current address and current count registers, respect- 
ively. The applicable bit of the mask register is 
unaffected. The applicable bit of the mask register is 
set for channels not programmed for autoinitialize. 

The autoinitialize function is useful for the following 
types of transfers. 

Repetitive Input/Output of Memory Area. Figure 7 
shows an example of DMA transfer between a CRT 
controller and memory. After setting the value in the 
base and current registers, autoinitialize allows re- 
petitive DMA transfer between the CRT controller and 
the video memory area without CPU involvement. 

Continuous Transfer of Several Memory Areas. The 

CPU can indirectly write to the address or count 
registers by writing to the base registers. New values 
can be written to the base registers. In the autoinitialize 
mode, the value in the base register will be transferred 
to the address/count registers when termination is 
reached in the address/count registers. Because of 
this, the autoinitialize function can perform continuous 
transfer of several contiguous or noncontiguous mem- 
ory areas during single or demand bus release modes 
in the following manner. 

During the transfer of data in area 1 (the first area being 
transferred), the CPU can write address and count 
information about area 2 (the second area to be 
transferred). Generation of a terminal count for area 1 
results In the transfer of information of area 2 to the 
address and count registers. This will cause area 2 to 
be transferred. Figure 8 illustrates this procedure. 

Channel Priority 

Each of the n?D^^07Vs four channels has its own 
priority. When there are DMA requests from several 
channels simultaneously, the channel with the highest 
priority will be serviced. The device control register 
selects one of two channel priority methods: fixed and 
rotational priority. In fixed priority, the priority (starting 
with the highest) is channel 0, 1, 2, and 3, respectively. 
In rotational priority, priority order is rotated so that 
the channel that has just been given service receives 
the lowest priority and the next highest channel 
number is given the highest priority. This method 
prevents exclusive servicing of some channel(s). 
Figure 9 shows the two priority order methods. 
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Figure 7. Autolnltlalize Application 1 
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Figure 8. Autolnltlalize Application 2 
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Figure 9. Priority Order 
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Cascade Connection 

The//PD71071 can be cascaded to expand the system 
DMA channel capacity. To connect a /uPD71071 for 
cascading (figurelO), perform the following operations. 

(1) Connect pins HLDRQ and HLDAK of the second- 
stage (slave) yuPD71 071 to pins DMARQ and DMAAK 
of any channel of the first-stage (master) 
//PD71071. 

(2) To select the cascade mode of a particular channel 
of a master AfPD71071, set bits 7 and 6 of that 
channel's mode control register to 11 . 

When a channel is set to the cascade mode in a master 
//PD71071, DMARQ, DMAAK, HLDRQ, HLDAK, and 
RESET are the only valid signals in the master 
//PD71 071 . The other signals are disabled. The master 
cascade channel only intermediates hold request/hold 
acknowledge between the slave and CPU. 

The master /iPD71071 always operates in the bus 
release mode when a cascade channel is in service 
(even when the bus hold mode is set). Other DMA 
requests are ignored while a cascade channel is in 
service. When the slave //PD71 071 ends DMA service 
and moves into an idle cycle, the master also moves to 
an idle cycle and releases the bus. At this time, all bits 
of the master's request register are cleared. The master 
operates its non-cascaded channels normally. 

Figure 10. Cascade Connection Example 



Bus Wait Operation 

In systems using a/uPD70208/70216 (V40/V50) as the 
CPU, the refresh control unit in the CPU changes the 
HLDAK signal to inactive (even during a DMA cycle) 
and uses the bus. Here, the/uPD71071 automatically 
performs a bus wait operation. This system has a bus 
master (V40/V50) whose priority level is higher than 
thatof the/uPD71071. 

The//PD71071 executes the bus wait operation when 
the HLDAK signal becomes inactive in an operating 
mode where transfer is executed continuously in block 
mode, during demand bus release mode, or during 
memory-to-memory transfer. 

When HLDAK becomes inactive during service in other 
operating modes, the operation returns to the idle 
cycle and transfers control of the bus to the higher bus 
master. 

Figure 11 showsthatwhen the HLDAK signal becomes 
inactive during a continuous transfer, the /yPD71 071 is 
set up in an S4w state (bus wait). Operation moves to 
the idle cycle if DMARQ is inactive in the demand 
mode. The HLDRQ signal is made inactive for a period 
of about two clocks and the bus is released. The S4w 
state is repeated until the HLDAK signal again becomes 
active and the interrupted service is immediately 
restarted. 
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Figure 11. Bus Walt Operation 
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Programming theA/PD71071 

To prepare a channel for DMA transfer, you must select 
the following characteristics. 

• Starting address for the transfer 

• Number of byte/word transfers 

• DMA operating modes 

• Data bus widths 

• Active levels of the DMARQ and DMAAK signals 

When reading from or writing to a//PD71071 in ternal 
reg ister, a ddress lines A3-A0 select the register, lORD 
or lOWR select the data transfer direction, and CS 
enables the transfer. Table 6 shows the register and 
command configurations. 

Table 6. Register Configuration 



Register 


Bit size 


Channel 


5 


Base address 


24(4) 


Current address 


24(4) 


Base count 


16(4) 


Current count 


16(4) 


Mode control 


7(4) 


Device control 


10 


Status 


8 


Request 


4 


Mask 


4 


Temporary 


16 



Note: 

When using a 16-bit CPU and selecting a 16-bit data bus, ttie word 
IN/OUT instruction can be used to read/write information two bytes 
at a time. However, commands in table 7 suffixed with B must be 
issued with the byte IN/OUT instruction. 



Initialize 

Use the initialize command as a software initialize to 
the/uPD71 071 or to set the width of the data bus. When 
using a 16-bit CPU, set the data bus width to 16 bits 
first. Figure 12 shows the initialize command format. 

Bit 0. When the RES bit is set, the internal state of the 
//PD71071 is initialized and will be the same as when a 
hardware reset is used (except for data bus width 
selection). A software reset leaves bit 16B intact 
whereas a hardware reset selects the 8-bit data bus. 
After initialization, the registers are as in table 8 and the 
RES bit is cleared automatically. 

Table 8. Register Initialization 



Register 


initialization Operation 


Initialize 


Clears bit only 


Address 


No change 


Count 


No change 


Channel 


Selects channel 0, current and base 


Mode control 


Clears all bits 


Device control 


Clears all bits 


Status 


Clears bits 3-0 only 


Request 


Clears all bits 


Mask 


Sets all bits (masks all channels) 


Temporary 


Clears all bits 



Bit 1 . The 1 6B bit determi nes the data bus width. When 
using the //PD71071 in a 16-bit system, set this bit 
immediately after a hardware reset since a hardware 
reset always initializes it to the 8-bit data bus mode. 
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Table 7. Command Configuration 



W(B) 



W(B) 



R/W 
R/W 



R/W 
R/W 
R/W(B) 



R/W 
R/W 



R/W(B) 



R/W(B) 



R/W(B) 



Command Name 



Channel Register 
Read 



Channel Register 
Write 



Count Register 
Read/Write 



Address Register 
Read/Write 



Device Control 
Reg. Read/Write 



Mode Control 
Reg. Read/Write 



Status Register 
Read 



Temporary Reg. 
(lower) Read 



Temporary Reg. 
(higher) Read 



Mask Reg. 
Read/Write 



1 - 1 - 1 - 1 - 1 - 1 - 1 16B 1 RES 1 




1 — 1 — 1 — |BASE| SEL3| SEL2 1 SEL1| SELOl 




1 — 1 — 1 — 1 - 1 - Ibase] seLch 1 




1 C7 1 C6 1 C5 1 C4 1 C3 1 02 1 CI 1 CO 1 




1 C15 1 C14 1 C13 1 C12 1 C11 1 CIO | C9 | C8 | 




1 A7 1 A6 1 A5 1 A4 1 A3 1 A2 1 A1 j AO 1 




1 A1S 1 A14 1 A13 1 A12 | A11 { AID | A9 | AS | 




1 A23 1 A22 1 A21 | A20 | A19 | A18 | A17 | A16 | 




1 AKL 1 RQL 1 EXW | ROT | CMP |dDMA| AHLDJ MTM | 




l-l-l — 1 — 1— 1 — 1 WEV 1 BHLD 1 




1 TMODE 1 ADIR | AUTI | TDIR | — | W/B | 




1 RQ3 1 RQ2 1 RQ1 | RQO | TC3 | TC2 | TCI | TCO | 




1 T7 1 T6 1 T5 1 T4 1 T3 1 T2 1 T1 1 TO I 




i T15 1 T14 1 T13 1 T12 | T11 | T10 | T9 | T8 | 




1 — 1 - 1 — 1 — |SRQ3|SRQ2|SRQ1|SRQ0| 




1 — 1 — 1 — 1 - 1 M3 1 M2 1 Ml 1 MO 1 




Figure 12. 


Initialize Command Format 


















7 6 5 4 


3 2 1 





OUT (Byte only) 


49-000604B 


OH 1 - 1 - 1 - 1 - 1 


- 1 - 1 16B 


RES 










L- 


Software 
Reset 





No operation 


1 


Reset 


16-blt 
data bus 





8-bit data bus 








1 


16-bit data bus 







Channel Register 

This command reads and writes the channel register 
that selects one of four DMA channels for programming 
the address, count, and mode control registers. 
Figure 13 shows the channel register read/write format. 

Channel Register Read 

SEL3-SEL0. These mutually exclusive bits show which 
of the four channels is currently selected for 
programming. 

BASE. Base = 0. The current register may be read. 
During a write, the base and current registers will be 
written to simultaneously. 



Base = 1. Only the base registers may be read or 
written to. 

Channel Register Write 

SELCH. This bit selects the channel to be programmed. 

BASE. Base = 0. The current register may be read. 
During a write, the base and current registers will be 
written to simultaneously. 

Base = 1. Only the base registers may be read or 
written to. 
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Figure 13. Channel Register Format 
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1H 1 - 1 - 1 - 


1 BASE 1 SEL3 | SEL2 | SEL1 | SELO 


IN [Byte only] 


Channel Register Write 
7 6 5 




1 1 








Selected 
Channel 


0001 


Channel 


odio 


Channel 1 






0100 


Channel 2 




1000 


Channel 3 







Select Current (read), 
select both Base and 
Current (write) 










1 


Select Base (read/write) 


4 3 2 10 


OUT (Byte only) 




1H 1 - 1 - 1 - 


1 — 1 — |base| selch 








u 


^ 






Selected 
Channel 


00 


Channel 




01 


Channel 1 






10 


Channel 2 




11 


Channel 3 


Base Only 





Select Current (read), 
select both Base and 
Current (write) 








1 


Select Base (read/write) 

















Count Register Read/Write 

When the 16-bit bus mode is selected, the IN/OUT 
instruction can directly transfer 16-bit data. The 
channel register selects one of the count registers. 
When bit 2 of the channel register write is cleared, a 
write to the count register updates both the base and 
current count registers with the new data. If bit 2 of the 
channel register write is set, a write to the count 
register only affects the base count register. 

The base count registers hold the initial count value 
until a new count is specified. If autoinitialize is 
enabled, this valu e is tr ansferred to the current count 
register when an END or TC is generated. For each 
DMA transfer, the current count register is decre- 
mented by one. Figure 14 shows the count register 
read/write format. 



The base register holds the starting address value until 
a new setting is made and this value is transferred to 
the current address register during autoinitialization. 
For each DMA transfer, the current address register is 
updated ±2 during word transfer and ±1 during byte 
transfer. Figure 15 shows the address register read/ 
write format. 

Device Controi Register Read/Write 

The device control command reads from and writes to 
the device control register. When using a 16-bit data 
bus, use the word IN/OUT instruction to read and write 
1 6-bit data. Figure 1 6 shows the device control register 
read/write format. 



Address Register Read/Write 

When a 16-bit data bus width is selected, the IN/OUT 
instruction can directly transfer the lower two bytes 
(4H and 5H) Of the register. You must use the byte 
IN/OUT instruction with the upper byte (6H) of the 
register. The channel register selects one of the address 
registers. When bit 2 of the channel register is cleared, 
a write to the address register updates both the base 
and current address registers with the new data. If bit 2 
of the channel register is set, a write to the address 
register only affects the base address register. 
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Figure 14. Count Register Read/Write Format 
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Figure 15. Address Register Read/Write Format 
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Al5 Ai4 A13 A12 Ail A10 A9 Aa 


In/Out 




7 6 5 4 3 2 10 




6H 


A23 A22 A21 A20 Ai9 A18 Ai7 A16 


rn/Out 






83-00 1952A 



Figure 16. Device Control Register Read/Write Format 
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Disable DMA 
Operation [2] 





Enable 








Disable 




Compressed 
Timing [3] 




Normal 








Compressed 
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Priority 





Fixed 








Rotational 




Extended 
Writing [4) 





Normal 








Extended 




DMARQ 
Active Level 





Active High 








Active Low 




OMAAK 
Active Level 





Active Low 








Active High 


7 6 5 4 3 2 10 


IN/OUT 




9HI-I-I-I-I-I- |WEV|BHLD 








Bus Mode 





Bus Release 
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Mode Control Register Read/Write 

This command reads from and writes to tiie mode 
control register to specify the operating mode for each 
channel. The channel register selects the modecontrol 
register to be programmed. This command must be 
issued by the byte IN/OUT instruction. Figure 17 
shows the mode control register read/write format. 

Status Register Read 

This command reads the status register for the in- 
dividual DMA channels. The register has DMA request 
states and terminal count or END information. This 
command must be issued by the byte IN instruction. 
Figure 18 shows the status register read format. 

Temporary Register Read 

When a 16-bit data bus is selected, the IN instruction 
will read 16-bit data with this command. The last data 
transferred in memory-to-memory transfer is stored in 
the temporary register. Figure 1 9 shows the temporary 
register read format. 

Request Register Read/Write 

This command reads from and writes to the request 
register to generate DMA requests by software for the 
four corresponding DMA channels. This command 
may be issued by the byte IN/OUT instruction. 
Figure 20 shows the reguest register read/write format. 

Figure 1 7. Mode Control Register Read/Write Format 



Masl( Register Read/Write 

This command reads from and writes to the mask 
register to mask or unmask external DMA requests for 
the corresponding four DMA channels (DMARQ3- 
DMARQO). This command may be issued by the byte 
IN/OUT instruction. Figure 21 shows the mask register 
read/write format. 

DIVIA Transfer iVlodes 

Figures 22-27 show state transition diagrams for the 
different modes of DMA transfer. 

Figure 23 shows the state of a master //PD71 071 when 
an input from a slave /UPD71071 (cascaded //PD71 071) 
is using the system bus. 

Transfer Timing 

Figures 28-30 show//PD71071 timing waveforms. 

Examples of System Configuration 

Figures 31-32 show system configuration examples 
using the 8- bitAfPD70108CPU and the 16-bityuPD701 16 
CPU. The A/PD71082 externally latches addresses and 
data. 
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Figure 18. Status Register Read Format 
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4M00607B 


OBH 1 RQ3 1 RQ2 1 RQ1 1 RQO | TC3 | TC2 | TCi | TCo 


IN (Byte only) 








Terminal 
Count 





Not ended (for each read) 


1 


END or terminal 
count 








DMA 
Request 

[11 





No DMA request active 


1 


External DMA 
request present 






Note: 

(1] Bits RQ3-RC)o will be set If an external hardware DMA request Is pending even If 

Its request bit Is masked. Software-generated DMA requests, liardware reset, and 

software reset will not affect these bits. 



Figure 19. Temporary Register Read Format 
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Figure 20. Request Register Read/Write Format 
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IN/OUT (Byte only) 


1 


Software DMA 
Request (1] 





Reset 




1 


Set 


Note: 

[1] In memory-to-memory applications, only bit SROO will be cle 
at terminal count or when an END input Is present. 


ared 




Figure 21. 


Masli Register Read/Write Format 
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OFH 1 — [ - ( - 1 — 1 M3 1 M2 I Ml 1 MO 
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DMARQ 
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Not masked 




1 


Masked 


Note: 

[^] In memory-lo-memory applications, only bits MO and Ml will b 
at terminal count or when an END input is present. 


eset 
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Figure 22. Idle Cycle 



C """ ) 



G> 




6 



SI: 


DMA request idle cycle 


SO: 


HLDAK wait state 


SI: 


Address latcli state 


S2: 


Read signal output state 


S3: 


Write signal output state 


S4: 


Read/ Write signal recovery 




state 


SW: 


READY wait state 


S4w: 


Bus wait state 


1 : 


Memory-l/0 IVansfer 


2 : 


Memory-to-iMemory Transfer 



OMARQ and HLDAK Inputs present 



7-116 



NEC 



//PD71071 



Figure 23. DMA Cycle, Cascade Mode 



Figure 24. DMA Cycie, Single Mode 
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Figure 25. DMA Cycle, Demand Mode 
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END Flag Set 




[1] Carry or borrow to upper two bytes of address? 
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Figure 26. DMA Cycle, Block Mode 
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[1] Carry or borrow to upper two bytes of address? 
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Figure 27. DMA Cycle, Memory-to-Memory Transfer 



S11-S14: Channel Operation 
S21-S24: Channel 1 Operation 



END Flag Set 
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Figure 28. Memory-l/0 Transfer, Normal Timing 
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Note: 

[1] When an 8-bit data bus is selected, D^s-Ds are not used. Therefore, A23-A1G are 

not multiplexed address/data signals and will have the same timing as A7-A0. 
[2] The broken lines of the write signal are for extended write timing. 
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Figure 29. Memory-l/0 Transfer, Compressed Timing 
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Figure 30. Memory-to-Memory Transfer 
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Figure 31. END/TC Input/Output 
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Figure 32. 


System Configuration with iuiPD70108 
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Figure 33. System Configuration with fiPD70116 
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/\ 



> 



Data Bus 
D15-O0 



/\ 



D15-D8 



pPDTIOaZ X 2 



^ 



Dl 00 

STB 51 



Ais-Ag 



^ 



A19-A1J 



A19-A0, USE 




7-125 



0po7wm 



7-126 



NEC 

NEC Electronics Inc. 



//PD71082/83 
8-BIT LATCHES 



Description 

yuPD71082 and /7PD71083 are CMOS 8-bit transparent 
latches with three-state output buffers. They are used 
as bus buffers or bus multiplexers in microprocessor 
systems. Their high-drive capability makes them suit- 
able for data latch, buffer, or I/O port applications. 

Features 

D CMOS technology 

D 8-bit parallel data register 

n Three-state output buffer 

D High drive capability output buffer (Iql = 12 mA) 

D A/PD8085A, 8048, 8086, 8088, 70108, and 70116 CPU 

system compatible 
n//PD71082 — non-inverted output; a<PD71083 — 

inverted output 
D Single +5 V ±10% power supply 
D 20-pin plastic DIP (300 mil) 
D Transparent operation 
D Industrial temperature range: -40 to +85°C 



Pin Configuration 



Pin Identification 




No. 


Symbol 


Function 


1 


DIo 


Data input, bit 


2 


Dli 


Data input, bit 1 


3 


Dl2 


Data input, bit 2 


4 


DI3 


Data input, bit 3 


5 


DI4 


Data input, bit 4 


6 


DI5 


Data input, bit 5 


7 


Die 


Data input, bit 6 


8 


DI7 


Data input, bit 7 


9 


OE 


Output enable input 


10 


Vss 


Ground 


11 


STB 


Strobe input 


12 


DO7/DO7 


Data output, bit 7 


13 


DOfi/DOe 


Data output, bit 6 


14 


D05/D05 


Data output, bit 5 


15 


D04/D04 


Data output, bit 4 


16 


DOg/DOi 


Data output, bit 3 


17 


D02/D0i 


Data output, bit 2 


18 


DO1/DO1 


Data output, bit 1 


19 


DOq/DOo 


Data output, bit 


20 


Vdd 


+5 V Power supply 



DIoC 
Dli C 
DI2I: 

DI3 c 
DI4 C 
Disc 

Disc 

DI7C 
oic 
VssC 



DVOD 

H DOo/DO^ 

3 DO1/D0T 

J D02/DOi 

3 003/DOi 

H D04/D0^ 

3 DO5/DO5 

3 DOg/DOj 

3 DO7/D07 

3 STB 



Ordering information 




Part Number 


Package Type 


Output 


//PD71082C 


20-pin plastic DIP 


Non-inverted 


/iPD71083C 


20-pin plastic DIP 


Inverted 


/iPD71082G 


20-pin plastic SO (available 3086) 




juPD71083G 


20-pin plastic SO (available 3086) 





Pin Functions 

DI7-DI0 [Data Input] 

Dly-Dloare data input lines to the 8-bit data latch. Data 
on Dl lines passes through_the latch while STB is high. 
The data is latched to DO/DO with the trailing edge of 
STB (high to low). 

DO7-DO0/DO7-DO0 [Data Output] 

DO7-DO0/DO7-DO0 are the three-state data output 
lines from the 8-bit data latch. When OE is high, these 
lines go into the high-impedance state. When OE is 
low, data from the latch is output, either non-inverted 
(A<PD71082) or inverted (yuPD71083). 

STB [Strobe] 

STB is the input strobe signal for the 8-bit latch. When 
STB is high, data on the Dl lines passes through the 
8-bit latch. Data is latched on the trailing edge of STB 
(high to low). When STB is low, latched data does not 
change. 

Ol [Output Enable] 

OE input is the output enable signal for the DO/DO 
lines. When OE is high, DO/DO lines are high imped- 
ance. When OE is low, data from the 8-bit latch is 
output to DO7-DO0/DO7-DO0. See table 1 . 
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Block Diagram 



^PD71082 

of O 
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<^ 
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I 
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DOe 
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7^ 



-o 



DM O 1 



h 



DI2 O 1 



«^ 



I 



tV 



I 



1 



I O DO1 



n 



D02 



I O DO3 



1 



I O DO4 



-I 



I 



n 



I O D06 



I J 



1 O DO7 



Table 1. Latch Operation 




STB 


Be 


D07-DOo/6lf;-602 


8-Bit Data Latch 


Low 


Low 


Latched data from 8-bit 
data latch is enabled 


Dl line data has been 
latched with trailing 




High 


High impedance 


edge of STB (high to 
low) 


High 


Low 


Data on DI7-DI0 


Dl passes through to 




High 


High impedance 


DO/DO 



Functional Description 

The /[/PD71082 and //PD71083 are 8-bit data latches 
strobed by the STB signal. They have high-drive 
capability output buffers controlled by the OE signal. 
Data on the Dl lines is latched by the trailing edge of 
STB (high to low). When STB is high, data passes 
through the latch. When OE is high, DO lines are high 
impedance. When OE is low, the contents of the 
latches are output on DO7-DO0. The DO lines are 
isolated from OE switching noise. 



Absolute Maximum Ratings 

Ta = 25°C,Vss = 0V 



Power supply voltage, Vpo 


-0.5 to +7.0 V 


Input voltage, V| 


-1.0toVDD + 1V 


Output voltage ,Vo 


-0.5 to Vdd + 0.5 V 


Power dissipation, Pqmax 


500 mW 


Operating temperature, Topj 


-40 °C to +85 °C 


Storage temperature, Tjtg 


-65<'Cto+150°C 



Comment: Exposing the device to stresses above those listed in the 
absolute maximum ratings could cause permanent damage. Exposure 
to absolute maximum ratings for extended periods may affect device 
reliability. 

Capacitance 

Ta = 25°C,Vdd = +5V 





Symbol 


Limits 


Units 


Test 


Parameter 


Min Max 


Conditions 


Input 
capacitance 


Gin 


12 


PF 


F = 1l\/IHz 



7-128 



SEC 



//PD71082/83 



DC Characteristics 

Ta = -40 to +85°C, Vdd = 5 V ±10% 





Symbol 


Limits 


Units 


Test 


Parameter 


IMin 


iMax 


Conditions 


Input voltage 
high 


V|H 


2.2 




V 




Input voltage low 


V|L 




0.8 


V 




Output voltage 
high 


Vqh 


Vdd - 0.8 




V 


lOH = -4 mA 


Output voltage 
low 


Vol 




0.45 


V 


l0L = 12mA 


Input current 


ii 


-1.0 


1.0 


M 


V| = Vdd,Vss 


Leakage current, 
high impedance 


Iqff 


-10 


10 


M 


OE = Vdd 


Power supply 
current (static) 


lOD 




80 


/^A 


V| = Vdd.Vss 


Power supply 

current 

(dynamic) 


lODdyn 




20 


mA 


Fin = 10 MHz 
C = 200 pF 



Timing Waveforms 



AC Ciiaracteristics 

Ta = -40 to +85 °C, Vdd = 5 V ±10% 





Symboi 


Limits 


Units 


Test 


Parameter 


IWin 


Max 


Conditions 


Input to output 
delay 


Idio 


5 


40 


ns 


Load circuit a 


STB to output 
delay 


toSTBO 


10 


60 


ns 


Load circuit a 


Data fjoat time 
from OE high 


tpCTO 


5 


30 


ns 


Load circuit b 


Data output 
delay from 
OElow 


toCTO 


10 


40 


ns 


Load circuit b 


Input to STB 
setup time 


tsiSTB 







ns 


Load circuit a 


Input to STB 
hold time 


tHSTBI 


25 




ns 


Load circuit a 


STB high pulse 
width 


tpwSTB 


20 




ns 


Load circuit a 


Signal rise time 


tLH 




20 


ns 


0.8 V to 2.0 V 


Signal fall time 


tHL 




12 


ns 


2.0 V to 0.8 V 



X 



1^ 



J 



-•srsTB- 



X 



\ JT^ 



CZK 



^ 



-tDSTBO 



I 




AC Testing 



'"IS^Kf V =VvoH-o.iv r 

'"'Ht- Testing Point 1.5 V ^f- V- ^ 

, V ^°°^^ZS- 7\ ^/voL + 0.1 V V 



Voz + O.IV 

Voz - 0.1 V 



Loading Circuits for AC Testing 



[a] Vol, Voh Outputs 

2.87 V 



•2Q6 



OulO " 



=: 200 pF 



[b] Tliree-State Output 

2.87 V 



>360n 



675 n> ^200pF 



1. 



I 



Loading Conditions: Iql = 12 mA, IqH = -4 mA, Cl = 200 pF 



7-129 



A/PD710a2/83 



NEC 



7-130 



SEC 

NEC Electronics Inc. 



//PD71084 

CLOCK PULSE 

GENERATOR/DRIVER 



Description 

The /yPD71084 is a clock pulse generator/driver for 
microprocessors and their peripherals using NEC's 
high-speed CMOS technology. 

Features 

D CMOS technology 

D Clock pulse generator/driver foryuPD701 08/701 1 6 or 
other CMOS or NMOS CPUs and their peripherals 

n Frequency source can be crystal or external clock 
input 

D Reset signal with Schmitt-trigger circuit for CPU or 
peripherals 

D Bus ready signal with two-bus system synchro- 
nization 

D Clock synchronization with other //PD71 084s 

D Single +5 V +10% power supply 

n Industrial temperature range: —40 to +85 °C 

Ordering Information 



Part Number 



Package Type 



Max Frequency 
of Operation 



A(PD71084C 18-pin plastic DIP 



25 MHz 



A(PD71084G 20-pin plastic SO (available 3Q86) 25 MHz 



Pin identification 



No. 



Symbol 



Function 



CKSYN 



Clock synchronization input 



PRCLK 



Peripheral clock output 



REM 



Bus ready enable input 1 



RDYi 



Bus ready input 1 



READY 



Ready output 



RDY2 



Bus ready input 2 



REN2 



Bus ready enable input 2 



CLK 



Processor clock output 



Vss 



Ground potential 



RESET 



Reset output 



RESIN 



Reset input 



CSC 



Oscillator output 



F/X 



External frequency source/crystal select 



EXFS 



External frequency source input 



RDYSYI^ 



Ready synchronization select input 



X2 



Crystal input 



XI 



Crystal input 



Vdd 



-1-5 V Power supply 



Pin Configuration 



CKSYN C 
PRCLK C 

nliji C 

RDYiC 
READY C 
RDYjC 
REN2 C 
CLK C 
VssC 



H Vdd 

DX1 

DX2 

3 RDYSYN 

H EXFS 

3 F/X 

Dose 

3 RESIN 
3 RESET 



Pin Functions 

X1,X2 [Crystal] 

When the F/X input is low, a crystal connected to XI 
and X2 will be the frequency source to generate clocks 
for a CPU and its peripherals. The crystal frequency 
should be three times the frequency of CLK. 

EXFS [External Frequency] 

EXFS is the external frequency input in the external 
TTL frequency source mode (F/X high). A TTL-level 
clock signal three times the frequency of CLK's output 
should be used for the source. 

F/X [Frequency/Crystal Select] 

F/X input selects whether an external TTL-level input 
or an external crystal input_is the frequency source of 
the CLK output. When F/X is low, CLK is generated 
from the crystal connected to XI and X2. When F/X is 
high, CLK is generated frorh an external TTL-level fre- 
quency input on the EXFS pin. At the same time, the 
internal oscillator circuit will stop and the OSC output 
will be high. 

CLK [Processor Clock] 

CLK output supplies the CPU and its local bus pe- 
ripherals. CLK is a 33% duty cycle clock of one-third 
the frequency of the frequency source. The CLK 
output is +0.4 V higher than the other outputs. 

PRCLK [Peripheral Clock] 

PRCLK output supplies a 50% duty cycle clock at one- 
half the frequency of CLK to drive peripheral devices. 
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OSC [Oscillator] 

OSC outputs a signal at the same frequency as the 
crystal input. When EXFS is selected, the OSC output 
is powered down, and its output will be high. 

CKSYN [Clock Synchronization] 

CKSYN input synchronizes one ^(PD71084 to other 
//PD71084S. A high level at CKSYN resets the internal 
counter, and a low level enables it to count. 



RESIN [Reset] 

This Schmitt-trigger input generates the RESET output. 
It is used as a power-on reset. 

RESET [Reset] 

This output is a res et signa l for the CPU. Reset timing 
is provided by the RESIN input to a Schmitt-trigger 
input gate and a flip-flop which will synchronize the 
reset timing to the falling edge of CLK. Power-o n reset 
can be provided by a simple RC circuit on the RESIN 
input. 

RDYi, RDY2 [Bus Ready] 

A peripheral device drives the RDYi or RDY2 inputs to 
signal that the data on the syste m b us ha s been 
received or is ready to be sent. REN1 and REN2 enable 
the RDYi and RDY2 signals. 



REN1, REN2 [Address Enable] 



REN1 and REN2 inputs qualify their respective RDY 
inputs. 



RDYSYN [Ready Synchronization Select] 

RDYSYN input selects the mode of READY signal 
synchronization. A low-level signal makes the synchro- 
nization a two-step process. Two-step synchroniza- 
tion is used when RDYi or RDY2 are not synchronized 
to the microprocessor clock and therefore cannot be 
guaranteed to meet the READY setup time. A high- 
level signal makes synchronization a one-step pro- 
cess. One-step synchronization is used when RDYi 
and RDY2 are synchronized to the processor clock. 
See Block Diagram. 



READY [Ready] 

The READY output signal to the processor is synchro- 
nized by the RDY inputs to the processor CLK. READY 
is cleared after RDY goes low and the guaranteed hold 
time of the processor has been met. 

Crystal 

The oscillator circuit of the ^(PD71084 works with a 
parallel-resonant, fundamental mode, "AT cut" crystal 
connected to pins XI and X2. 

Figure 1 shows the recommended circuit configuration. 
Capacitors C1 and C2 are required for frequency 
stability. The values of C1 and C2 (C1 = C2) can be 
calculated from the load capacitance (Cl) specified by 
the crystal manufacturer. 

CI X C2 

Cl = +Cs 

CI +C2 

Where Cs is any stray capacitance in parallel with the 
crystal, such as the//PD71084 input capacitance Cin- 

Figure 1. Crystal Configuration Circuit 






C2 dp 



//PD71084 
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Block Diagram 



REN1 o- 



RDYi o- 
REN2 o- 



RDY2 o- 




H> 




>- 



2 Sync — o PRCLK 




>- 



Absolute Maximum 

(Ta = 25°C,Vss = 0V) 


Ratings 




Power supply voltage, Vqq 




-0.5 to +7.0 V 


Input voltage, V| 




-1.0toVDD + 1.0V 


Output voltage, Vq 




-0.5toVoo + 0.5V 


Power dissipation, Pqmax 




500 mW 


Operating temperature, Topt 




-40 to +85 °C 


Storage temperature, Tgtg 




-60 to +125<'C 



Comment: Exposing the device to stresses above those listed in the 
absolute maximum ratings could cause permanent damage. Exposure 
to absolute maximum ratings for extended periods may affect device 
reliability. 

Capacitance 



(Ta = 25°C,Vdd = 


= +5V) 










Symbol 


Limits 


Units 


Test 


Parameter 


Min IWax 


Conditions 


Input capacitance 


Cjn 


12 


PF 


F = 1IVIHz 



DC Characteristics 

(Ta = -40 to +85 °C, Vdd = 5 V ± 10% 










Symboi 


Limits 


Units 


Test 


Parameter 


Min 


Max 


Conditions 


Input voltage high 


V|H 


2.2 




V 




Input voltage low 


V|L 




0.8 


V 




Input voltage high 


V|H 


2.6 




V 


RESIN 


Output voltage high 


Vqh 


Vdd 
-0.4 




V 


loH = -4 mA 
CLK 


Output voltage high 


Vqh 


Vdd 

-0.8 




V 


lOH = -4 mA 


Output voltage low 


Vol 




0.45 


V 


Iql = 4 mA 


Input current 


ll 


-1.0 


1.0 


i"A 




Input current 


ll 


-400 


1.0 


M 


RDYSYN 


RESIN input 
hysteresis 


V 


0.25 




V 




Power supply 
current (static) 


Idd 




200 


M 




Power supply 
current (dynamic) 


lODdyn 




30 


mA 


F|n = 24 MHz 
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AC Characteristics 



(TA = -40tO+85°C, Vdd = 


= 5V±10%) 








Symbol 


Limits 


Units 


Test 


Parameter 


■Win Max 


Conditions 


EXFS high 


tEHEL 


16 


ns 


At 2.2 V 


EXFS low 


tELEH 


16 


ns 


At 0.8 V 


EXFS period 


tELEL 


40 


ns 




XTAL frequency 




12 25 


MHz 




RDYi 2setup 
to CLK 


tRiVCL. 
tRiVCH 


35 


ns 




RDYi, 2 hold 
to CLK 


tCLRiX 





ns 




RDYSYN setup 
to CLK 


tRSYVCL 


50 


ns 




RDYSYN hold 
to CLK 


tCLRSYX 





ns 




REN1,2setupto 
RDYi, 2 


tAiRiV 


15 


ns 




REN1,2holdto 
CLK 


tCLAiX 





ns 




CKSYN setup to 
EXFS 


tVHEH 


20 


ns 




CKSYNholdto 
EXFS 


tEHYL 


20 


ns 




CKSYN width 


tYHYL 


2tELEL 


ns 




RESIN setup to 
CLK 


t|lHCL 


65 


ns 





AC Characteristics (cent) 

(Ta = -40 to -+-85 °C, Vdd = 5 V ±10%) 





Limits 




Test 


Parameter Symbol 


Min 


■Wax Units 


Conditions 


RESIN hold to tcLHH 
CLK 


20 


ns 




CLK cycle period tcLCL 


125 


ns 





CLK high 



tCHCL 



ns 3V,fosc = 
24 MHz (Note 1) 



1/3tcLCL+2 



ns 1.5V,fosc^ 
24 MHz (Note 2) 



CLK low 



tCLCH 



68 



ns 1.5V,fosc = 
24 MHz (Note 1) 







2/3tcLCL-15 




ns 


1.5V,foscS 
24 MHz (Note 2) 


CLK rise and fall 
time 


tCLH. 
tCHL 




10 


ns 


1.5 V to 3.5 V, 
3.5 V to 1.5 V 


PRCLK high 


tPHPL 


tCLCL-20 




ns 




PRCLKlow 


tpLPH 


tCLCL-20 




ns 




READY inactive 
to CLK 


tRYLCL 




8 


ns 




READY active 
to CLK 


tRYHCH 




8 


ns 




CLK to RESET, 
delay 


tCLIL 




40 


ns 




CLK to PRCLK 
delay 


tCLPH 




22 


ns 




CLK to PRCLK 
delay 


tCLPL 




22 


ns 




OSC to CLK 1 
delay 


tQLCH 


-5 


22 


ns 




OSC to CLK i 
delay 


tOLCL 


2 


35 


ns 




Signal rise time 
(except CLK) 


tLH 




20 


ns 


0.8 V to 2.0 V 


Signal fall time 
(except CLK) 


tHL 




12 


ns 


2.0 V to 0.8 V 



Note: 

(1) Test points are specified in accordance with V-Series CMOS 
peripherals. 

(2) Test points are specified in accordance with the//PD8284. 
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Timing Waveforms 

CLK, RESET Signals 



Note: 

[1] V|N to 0.8 V or 2.2 V 10 ViN 

[2] 1.5 V to 3.5 V or 3.5 V to 1.5 V 




/ 



y 



READY Signal (In an Asynchronous Device) 



RDYi.RDYz 
REN1,REN2 



-•CLRlX- 



•rivcl- 



lAlRiV- 



1 



7^ 



/ 



/ 



'CLRiX - 



-•rivch- 



\ 



tCLAlX - 



tRYLCL- 



\ 



1 
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Timing Waveforms (cont) 

READY Signal (In a Synchronous Device) 



RDYi,RDY2 
REN1,REN2 



-tCLRiX- 



tRlVCL - 



/^V^^^M. 



•AiRiV - 



1 



-tRiVCH- 



/^. 



*CLRiX- 



y 



/ 



I 



\ 



tCLAiX ■ 



\ 



1 



Input/Output Waveform for AC Test 



0.45 V Am} 



rvy 

LvA 



7-136 



SEC 



//PD71084 



Test Circuit for CLK Higii or Low Time 
(in Crystai Osciiiation Mode) 



C2±. 

m m 



n 



Test Circuit for CLK to READY 
(In Crystal Oscillation Mode) 



U 



Ci^ C2±; 
rh rh 



X 



REN1 CLK 



READY 
71084 
RDY2 

F/X 

REN2 OSC 

CKSYN 



Test Circuit for CLK HIgli or Low Time 
(in EXFS Oscillation Mode) 



Test Circuit for CLK to READY 
(in EXFS Osciiiation Mode) 



Loading Circuits 







Vdd 








a3-000202A 




1 


F/X CLK 

71011 
EXFS 

CKSYN 




Loadi 














Pulse 
Generator 




X 























Vdd 














F/X CLK 

rIni 

EXFS 

READY 
71011 

RDY2 

REN2 
CKSYN 




Loadi 
























Pulse 
Generator 




1 














Load 2 


















1 


















Pulse 
Generator 












/77 














83-000204A 




Cu = 100 pF 



1 



Load 1 for CLK 



Load 2 for Other Output Except CLK 

83-000206A 
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//PD71086/87 

8-BITBUS 

BUFFER/DRIVERS 



Description 

//PD71086 and /yPD71087 are 8-bit, bidirectional bus 
buffer/drivers witli tiiree-state outputs. The//PD71086 
provides a non-inverted system bus. Tlie //PD71087 
provides an inverted system bus. Tliese devices are 
used to expand CPU bus drive capability. The input/ 
output lines are isolated from OE and BUFR/W switch- 
ing noise. 

Features 

D CMOS technology 

D Bidirectional 8-bit parallel bus buffer 

D Three-state output 

D High drive capability system bus output (Iql = 1 2 mA) 

D Compatible with//PD70108C,yuPD701 1 6C and other 

CMOS or NMOS designs 
D A<PD71086 — non-inverted system bus output 

/UPD71087 — inverted system bus output 
D Single +5 V ±10% power supply 
D 20 Pin plastic DIP (300 mil) 
D Industrial temperature range: -40 to +85°C 



Ordering Information 




Part Number 


Package Type 


Output 


//PD71086C 


20-pin plastic DIP 


Non-inverted 


/L/PD71087C 


20-pin plastic DIP 


Inverted 


/UPD71086G 


20-pin SO plastic (available 3Q86) 




/iyPD71087G 


20-pin SO plastic (available 3Q86) 





Pin Configuration 










LBoC 


1 


\^ 


20 


1 VddI+5V] 




LBiC 


2 




19 


1 SBolSSi, 




LB2 C 


3 




18 


dsbi/sb; 




LB3 C 


4 


ft 


17 


1 SB2/SBi 




LB4C 


5 




16 


D SB3/S§i 




LBs C 


6 




15 


H SB4/SBi 




LBsC 


7 


Q 


14 


3 SBs/SB^ 




LB7 c 


8 




13 


1 SBg/SB^ 




OEC 


9 




12 


3 sB7;sb7 




VssC 


10 




11 


3 BUFR/W 


83-001138A 













Pin identification 



No. 


Symbol 


Function 


1 


LBo 


CPU local data bus, bit 


2 


LBi 


CPU local data bus, bit 1 


3 


LB2 


CPU local data bus, bit 2 


4 


LB3 


CPU local data bus, bit 3 . 


5 


LB4 


CPU local data bus, bit 4 


6 


LB5 


CPU local data bus, bit 5 


7 


LBe 


CPU local data bus, bit 6 


8 


LB7 


CPU local data bus, bit 7 



9 


OE 


Output enable input 


10 


Vss 


Ground 


11 


BUFR/W 


Buffer read/write input 


12 


SB7/SB7 


System data bus, bit 7 


13 


SBg/SBg 


System data bus, bit 6 


14 


SB5/SB5 


System data bus, bit 5 


15 


SB4/SB4 


System data bus, bit 4 


16 


SB3/SB3 


System data bus, bit 3 


17 


SB2/SB"2 


System data bus, bit 2 


18 


SB1/SB1 


System data bus, bit 1 


19 


SBq/SFq 


System data bus, bit 


20 


Vdd 


-1-5 V power supply 
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Pin Functions 

LB7-LB0 [Local Data Bus] 

LB7-LB0 are three state Inputs/Outputs which connect 
to the CPU local data bus. They input and output data 
between the CPU and memory, I/O, or other periphe- 
rals. Data read/write mode is controlled by the BUFR/W 
signal input. 

SB7-SB0/SB7-SB0 [System Data Bus] 

SB7-SB0/SB7-SB0 are three state I nputs/Outputs which 
connect to the system bus, along with the memory. 
I/O, or other peripherals. //PD71086 outputs non- 
inverted signals, SB7-SB0. /[/PD71087 outputs inverted 
signals, SB7-SB0. 

Ol [Output Enable] 

OE input controls the output buffers. When OE is high, 
all output buffers go to the high-impedance state. 
When OE is low, data is output from the buffers 
specified by the BUFR/W signal. 

Blocic Diagram 



BUFR/W [Buffer Read/Write] 

The data read/write modejs controlled by the BUFR/W 
signal input. When BUFR/W is high, LB lines are in 
input_mode and SB lines are in output mode. When 
BUFR/W is low, SB lines are in input mode, and LB 
lines are output. See table 1. 



Table 1. Data Read/Write Mode 


of BUFR/W 


LB Pins 


SB/SB Pins IMode 


Low Low 


Output 


Input System bus to local bus 


Low High 


Input 


Output Local bus to system bus 


High Low 


- 


— High impedance 


High High 


- 


— High impedance 



Note: When OE Is high, ail local and system bus pins go to high- 
impedance state. 



5e o- 



LBo O- 



LBi O- 1 

LB2 O 
LB3 O 
LB4 o 
LB5 o 



yuPD71086 




r"7$ 




<^ 



1 



. :^_ — I 



I 



1 



1 



-. 1 



i:::::;:::;} 



I 



-O SBs 



-O SBs 



LBi ( 

LB2 

LB3 

LB4 

LB5 

LBs 

LB7 





?> 



<^ 



I 



1 



■- 1 



I 



1 



I 



1 



1 
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Absolute Maximum Ratings 

(Ta=25X,Vss = 0V) 



Power supply voltage, Vqd 


-0.5 to +7.0 V 


Input voltage, V| 


-1.0toVDo + 1V 


Output voltage, Vq 


-0.5 to Vdd + 0.5 V 


Power dissipation, Pq 


500 mW 


Operating temperature, Topt 


-40°Cto+85°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in the 
absolute maximum ratings could cause permanent damage. Exposure 
to absolute maximum ratings for extended periods may affect device 
reliability. 

Capacitance 



(Ta = 25°C,Vdd = 


+5V) 












Symbol 


Limits 


Units 


Test 


Parameter 


Min 


Max 


Conditions 


Input Capacitance 


C| 




24 


PF 


fc = 1 MHz 


DC Cliaracteristics 

(Ta = -45 °C to +85 °C, Vdd = 5 V ±10%) 




Symbol 


Limits 


Units 


Test 


Parameter 


Min 


Max 


Conditions 


Input voltage high 


V|H 


2.2 




V 




Input voltage low 


V|L 




0.8 


V 




Output voltage high Vqh 


Vdd 
-0.8 




V 


Iqh = -4 mA 


Output voltage low 


Vol 




0.45 


V 


LB, loL = 4mA 


Output voltage low 


Vol 




0.45 


V 


SB, loL = 12mA 


Input leakage 
current 


l|L 


-1.0 


1.0 


/^A 


Vi = VDO,Vss 


Leakage current, 
high impedance 


'off 


-1.0 


1.0 


M 


OE = Vdo 


Power supply 
current (static) 


•dd 




80 


/"A 


Vi = VDD,Vss 


Power supply 
current (dynamic) 


'ODdyn 




40 


mA 


tin = 2 MHz 



AC Cliaracteristics 

(Ta = -40 °C to +85 °C, Vdd = 5 V ± 10%) 





Symbol 


Limits 


Units 


Test 


Parameter 


Min 


Max 


Conditions 


Input to output 
delay 


toio 


5 


40 


ns 


Load (1), (1') 
and (2), (2') 


BUFR/W hold time 
from OE 


tHCTRW 


5 




ns 




BUFR/Wsetup 
time to OE 


tSRWCT 


10 




ns 




Data fjoat time 
from OE 


tpCTO 


5 


30 


ns 


Load (3) and 
(3') 


Data output delay 
from OE 


tOCTO 


10 


40 


ns 


Load (3) and 
(3-) 


Signal rise time 


tR 




20 


ns 


0.8 to 2.0 V 


Signal fall time 


tF 




12 


ns 


2.0 to 0.8 V 



Loading Circuit for AC Test 



LB to SB/SB 

[1] 



2.87 V 

[2] o 13] 



^ 206n 



Out 1 Out O 



200 pF 



SB/SB to LB 



Out O !• Out o- 



== 100 pF 



=: 100 pF > ii: lOopF 

nr 876 n > T^ "^ 
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Timing Waveforms 



X 



Input 



IDC 



tSRWCT 



\ 



1 



Output 



IDCTO 



I 



J. 



T 



/ 



XZ 



'^ 



Input Waveform for AC Test 






















83-001 200A 


^•"^ 90%-V- 

0.4 V !22i^^N^ 


Test Point 1.5 V 


X 


-V-yoH_;^.i_v__ 
-A"voL~o.rv 


_^Voz-0.1V 

=Vvoz-o.iv 
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//PD71088 

SYSTEM BUS 

CONTROLLER 



Description 

The AfPD71088 is a CMOS system bus controller for a 
yuPD70108 or //PDTOIIG CPU processor system. It 
controls the memory or I/O system bus. 

Features 

D CMOS technology 

D Bus controller for microcomputer system expansion 

n Command outputs for system bus control 

D Control outputs for I/O peripheral bus control 

D High drive capability for command and control 

outputs (loL = 12 mA) 
D Three-state outputs for command outputs 
D Advanced I/O and memory write command outputs 
nA<PD70108,/uPD701 16 compatible 
D +5 V ±1 0% single power supply 
D 20-pin plastic DIP (300 mil) 
D Industrial temperature range: —40 to +85 °C 

Ordering information 



Part Number 




Max Frequency 
Package Type of Operation 


//PD71088C 20-pin plastic DIP 8 MHz 


/UPD71088G 


20-pin plastic SO (available 3Q86) 8 MHz 


Pin identification 


No. 


Symbol 


Function 


1 


lOB 


input/output bus mode input 


2 


CLK 


Clocl< input 


3 


BSi 


Bus status input 1 


4 


BUFR/W 


Buffer read/write output 


5 


ASTB 


Address strobe output 


6 


AEN 


Address enable input 


7 


MRD 


Memory read output 


8 


AMWR 


Advanced memory write output 


9 


MWR 


Memory write command output 


10 


Vss 


Ground 


11 


lOWR 


I/O write command output 


12 


AIOWR 


Advanced I/O write command output 


13 


lORD 


I/O read command output 


14 


INTAK 


Interrupt aclcnowiedge output 


15 


CEN 


Command enable input 


16 


DBEN 


Data buffer enable output 


17 


ICE/PBEN 


Interrupt cascade enable/Peripheral 
data bus enable output 


18 


BS2 


Bus status input 2 


19 


BSo 


Bus status input 


20 


Vdd 


Power supply 



Pin Configuration 














vy 






lOB C 


1 


20 3 Vdd 


CLKC 


2 




19 3 BSo 




8S1C 


3 




18 


DBS2 




BUFR/W C 


4 


i 


17 :: ICE/PBEN 




ASTBC 


S 


16 


U DBEN 




AENC 


6 


Q 


IS n CEN 




JURD C 


7 


i 


14 


3 INTAK 




AMWRC 


8 




13 


3i5rS 




MWR C 


9 




12 D MOVlk 




VssC 10 




11 


3I0WR 


49O00365A 













Pin Functions 

BS0-BS2 [Bus Status Inputs - 2] 

The BS0-BS2 inputs are connected to the encoded 
CPU status outputs. The y[/PD71088 decodes these 
status outputs into command and control outputs for 
timing control. See table 1 for an explanation of these 
inputs. 

CLK [Clock] 

The CLK input is connected to the same clock output 
that drives the CPU clock, usually the CLK output of a 
)wPD71 084 or afJlPD7^ 011.lt is the internal system clock 
oftheA/PD71088. 

AEN [Address Enable] 

The AEN input controls the com mand output buffers. 
When lOB is low, a low-level AEN causes the command 
buffe rs to output command output signals. A high-level 
AEN makes all command lines go to high impedance. 
When lOB is high, the//PD71088 is in I/O bus mode, 
and the command lines are not affected by AEN. 

CEN [Command Enable] 




The CEN input controls DBEN, PBEN and all command 
outputs. When CEN is high, all these outputs are active. 
When CEN is low, they are inactive. 

lOB [I/O Bus Mode] 

When the lOB input is high, the bus control mode is I/O 
bus mode. When lOB is low, the bus control mode is 
system bus mode. 

MRD [Memory Read Command] 



The MRD outp ut is the signal to read data from a 
memory device. MRD is three-state, active low. 
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MWR [Memory Write Command] 

The MWR output is the signal to write data to a memory 
device. MWR is three-state, active low. 

AMWR [Advanced Memory Write Command] 



This com mand output is the same as MWR, excep t that i t 
is generated one state (clock cycle) earlier than MWR. 



lORD [I/O Read Command] 



The lORD outpu t is the signal to read data from an 
I/O device. lORD is three-state, active low. 



lOWR [I/O Write Command] 



The lO WR ou tput is the signal to write data to an I/O 
device. lOWR is three-state, active low. 



AIOWR [Advanced I/O Write Command] 



This command output is the same as lOWR, except that 
it is g enerated one state (clock cycle) earlier than 
lOWR. 



INTAK [Interrupt Acknowledge] 



The INTAK output acknowledges interrupt requests. 
Requesting de vices output an interrupt vector address 
in response to INTAK. INTAK is three-state, active low. 

ASTB [Address Strobe] 

The ASTB output control signal latches the address 
outputs from the CPU into an external address latch, 
such asaAiPD71082oryuPD71083. Address data should 
be strobed with the trailing edge (high to low) of ASTB. 



DBEN [Data Buffer Enable] 

The DBEN output activates a data bus buffer/driver 
such as a//PD71086 or//PD71087 to input or output 
data between the CPU local bus and the memory or I/O 
system bus. 

BUFR/W [Buffer Read/Write] 

The BUFR/W output controls the direction in which 
data moves through a transceiver between the^CPU 
and the memory or I/O peripherals. When BUFR/W is 
high, data is transferred from the CPU jocal bus to the 
memory or I/O system bus. When BUFR/W is low, data 
is transferred from the memory or I/O system bus to the 
CPU local bus. 



ICE/PBEN [Interrupt Cascade Enable/Peripheral 
Data Bus Enable] 

The meaning of this output signal depends on lOB. If 
lOB is low (system bus mode), it is the ICE output. ICE 
controls the cascade address transfer from a master 
priority interrupt controller to slave priority interrupt 
controllers. The slave reads the address from the mas- 
ter when ICE goes high. 



When lOB is high, it becomes PBEN. PBEN controls 
the I/O bus the same way that DBEN controls the 
system bus. In this case, however, the output is active 
low. 



Block Diagram 



status 
Input 



BS2O- 
BS,o- 
BS„o- 



Status 
Decoder 



Control 
Signal - 
Input 



CLKO- 
AENO- 
CENO- 
lOBO- 



<U 



^ 



Control 
Logic 



Command 
Process 






Control 
Process 



-O BUFR/W 
-O DBEN 
-O ICE/PBEN 
-O ASTB 



Command 
' Output 



.Control 
'Output 
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Absolute Maximum Ratings 

(Ta= 25°C,Vss= OV) 



AC Characteristics 



Power supply voltage, Vqq 


-0.5 to +7.0 V 


Input voltage, V| 


-I.OtoVoD + I.OV 


Output voltage, Vq 


-0.5 to Vdd + 0.5 V 


Power dissipation, Pp 


500 mW 


Operating temperature, Topt 


-40 to +85 °C 


Storage temperature, Tstg 


-65to+150°C 



Comment: Exposing the device to stresses above those listed in the 
Absolute Maximum Ratings could cause permanent damage. 
Exposure to absolute maximum ratings for extended periods may 
affect device reliability. 

DC Characteristics 

(Ta = -40 °C to +85 °C, Vdd = 5 V ±10%) 





Symbol 


Limits 


Units 


Test 


Parameter 


IVIin 


■Wax 


Conditions 


Input voltage higti 


V|H 


2.2 




V 




Input voltage low 


V|L 




0.8 


V 




Output voltage high 


VOH 


Vdd - 0.8 




V 


lOH = -4 mA 


Output voltage low 
command 


Vol 




0.45 


V 


l0L = 12mA, 


Output voltage low 
control 


Vol 




0.45 


V 


IOL = 4mA, 


input current leakage 


l|L 


-1.0 


1.0 


/"A 


V| = Vdd,Vss 


Leakage current at 
high impedance 


Iqff 


-10 


10 


//A 




Power supply current 
(static) 


Iqd 




80 


A/A 


V| = Vdd,Vss 


Power supply current 
(dynamic) 


'ODdyn 




20 


mA 


Fin = 10 MHz 



(TA = -40°Cto+85 = 


'C, Vdd = 5 +10%) 








Symbol 


Limits 


Units 


Test 


Parameter 


IHin Max 


Conditions 


CLK cycle period 


tCYCK 


125 


ns 




CLK pulse with low 


tpwCKL 


60 


ns 




CLK pulse width 
high 


tpWCKH 


40 


ns 




Setup time for bus 
status active to CLKt 


tSBSV 


40 


ns 




Hold time for bus 
status inactive 
from CLKi 


tHBSV 


10 


ns 




Setup time for bus 
status inactive 
to CLKi 


tSBSIV 


35 


ns 




Hold time for bus 
status inactive 
from CLKt 


tHBSIV 


10 


ns 





DBEN, PBEN active 


toCTV 


10 


50 


ns 


DBEN, PBEN inactive 
delay 


tDCT 


10 


50 


ns 


ASTB active delay 
fromCLKl 


tDCKSTH 




30 


ns 


ASTB active delay 
from status 


tOBSST 




25 


ns 


ASTB inactive delay 
from CLKt 


toCKSTL 


7 


25 


ns 


ICE active delay 
from CLKi 


tOCKIC 




30 


ns 


ICE inactive delay 
from CLKi 


toiCL 


10 


50 


ns 


ICE active delay 
from status 


tOBSiC 




25 


ns 


BUFR/W i output 
delay 


toCKRD 




60 


ns 


BUFR/W t output 


tOCKWR 




40 


ns 


AEN to DBEN delay 


iDAECT 




30 


ns 


CEN to DBEN, PBEN 
delay 


tDCECT 




30 


ns 



ns loL = 4mA 
lOH = -4 mA 
Cl = 100pF 




CEN to command delay tDCECM 




tCLML 


ns 




Command active delay tDCML 
from CLK i 


10 


40 


ns 




Command inactive Idcmh 
delay 


10 


40 


ns 




Command output delay Idaecml 
from AEN 




40 


ns 




Command active output toAECML 
delay from AEN 


100 


295 


ns 




Command disable tpAECM 
delay from AEN t 




50 


ns 




Input/output rise time Ir 




20 


ns 


0.8 V to 2.0 V 


Input/output fall time tp 




12 


ns 


2.0 V to 0.8 V 
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Timing Waveforms 



BSo, BSi, BS2 



MRP, lORD. 

SMWR ,AIOWft, 

INTRR 



nWfi,I5WR 



\ 



'dbsst - 



/ 
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jf 



\ 
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tpWCKH 



tHBSV - 



\ 



\ 



<DCKIC 
' tDBSIC 



7^ 



\ 



- WRITE MODE - 



-jt J^ READ, INTAK MODE - -^L- 



r2k 



-READ, INTAK MODE 
toCTV «DCT 



tPWCKL 



/ 



y 



\ 



Idcmh 



y V 



i. 



T^- 



fU 



Jf \ 
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Timing Waveforms (cont) 

AC Test Points 



Vdd - 0.8 V ■ 
0.45 V- 



X 



- Test Polnl 1.5 V- 



3CID- C 



Loading Circuit 



Note: 

For command outputs 

MRD,IORDMWR,ldWA, 

INTAK,AMWR,AldWA. 




V 


1 

t470n 






Vdd 
^1.2K 




49-0003708 


OUT 


: 




OUT 




, 


r:200pF 


^1K 

s. 1 


d:ioopF 




< 


J820fi 


Note: 

For other outpu 



Bus Controller Funtional Description 

Command Logic 

The //PD71088 decodes the CPU bus status outputs 
into command outputs. The bus status outputs 
(BS0-BS2) and their decoded commands are shown in 
table 1. 

Bus Control Mode 

The CEN, lOB, and AEN signals control the bus 
controller mode as shown in table 2. 



Tabie 2. Bus Control Mode 



Tabie 1. Command Logic 




BSz 


BS, 


BSo 


CPU status 


/UPD71088 
Command Output 


Low 


Low 


Low 


Interrupt acknowledge 


INTAK 


Low 


Low 


High 


I/O read mode 


lORO 


Low 


High 


Low 


I/O write mode 


lOWR, AIOWR 


Low 


High 


High 


Halt mode 


None 


High 


Low 


Low 


Instruction fetch mode 


MRD 


High 


Low 


High 


Memory read mode 


MRD 


High 


High 


Low 


Memory write mode 


MWR, AMWR 


High 


High 


High 


No bus cycle mode 


None 




Control Input 


Command Output 


Control Output 


CEN 


lOB 


AEN 


Memory 


I/O 


iCE/PBEN 


ASTB, BUFR/W, 
DBEN 


MRD, MWR, 
AMWR 


lOWR, AIOWR, 
lORD, INTAK 


H 


H 

(I/O bus mode) 


H 


High impedance 


Outputs enabled (NC) 


PBEN (NC) 


Outputs enabled 
(NC) 


L 


Outputs enabled 




L 

(System bus 

mode) 


H 


High impedance 


High impedance 


ICE (NC) 


Outputs enabled 
(NC) 


L 


Outputs enabled 


Outputs enabled 


L 

(Command disable mode) 


X 


X 


H 


H 


PBEN = H 


Outputs enabled 
(DBEN = L: ASTB, 
BUFR/W are NC) 



Note: 

X = Don't care, NC = No change, H = High, L = Low 
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MPD82C43 

CMOS INPUT/OUTPUT EXPANDER 

FOR/iPD8048/C48 FAMILY 



Description 

The /4PD82C43 input/output expander is directly 
compatible with the juPD8048/C48 family of single-chip 
microcomputers. Using CMOS technology, the 
jnPD82C43 provides high drive. capabilities while requir- 
ing only a single -f5V supply voltage. 

The ^PD82C43 interfaces to the ^PD8048/C48 family 
through a 4-bit I/O port and offers four4-bit bidirectional 
static I/O ports. The ease of expansion allows for multi- 
ple juPD82C43s to be added using the bus port. 

The bidirectional I/O ports of the |nPD82C43 act as an 
extension of the I/O capabilities of the jiPD8048/C48 
microcomputer family. They are accessible with their 
own ANL, MOV, and ORL instructions. 

Features 

D Four4-bit I/O ports 

D High output drive 

n Logical AND and OR directly to ports 

D Compatible with industry standard 8243 

D Direct extension of resident /iPD8048/C48 I/O ports 

D Fully compatible with p<PD8048/C48 

microcomputer family 
D CMOS technology 
D Single -f5V supply 



Ordering information 



Part 
Number 


Package IVpe 


/iPD82C43C 


24-pin plastic DIP 


f^PD82C43CX 


24-pin plastic skinny DIP 



Pin Configuration 



P5oC 1 
P4o C 
P4i C 
P42 C 
P43 C 
CSC 
PROG C 
P23 C 
P22 C 
P2i C 
P2oC 
GNP C 



3 Vdd 

n P5, 

D P52 
3 P53 
3 P6o 
3 P6i 
3 P62 
3 P63 
D P73 
3 P72 

nP7i 

3 P7o 



Pin identification 



No. 


Symbol 


Function 


1, 23-21 


P50-P53 


4-bit I/O port 5 


2-5 


P40-P43 


4-bit I/O port 4 


6 


CS 


Chip select input 


7 


PROG 


Clock input 


8-11 


P23-P20 


4-bit I/O CPU interface port 2 


12 


GND 


Ground 


13-16 


P70-P73 


4-bit I/O port 7 


17-20 


P63-P60 


4-bit I/O port 6 


24 


Vdd 


-1-5 V power supply 




Pin Functions 

P2o-P23(Port2) 

A 4-bit bidirectional port which contains the I/O port 
address and instruction code on a high to low transition 
of PROG. During a low to high transition of PROG, port 2 
contains either the data for a selected output port if a 
write operation, or the data from a selected output port 
(before a low to high transition) if a read operation. Data 
on port 2 may be directly written, read, ANDed or ORed 
with previous data. 

P4o-P43(Port4) 

A 4-bit I/O port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

P5o-P53(Port5) 

A 4-bit I/O port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 
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P6o-P63(Port6) 

A 4-bit I/O port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

P7o-P73(Poi17) 

A 4-bit I/O port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

CS (Chip Select) 

A chip select input. A high on CS inhibits any change of 
output or internal status. 



PROG (Clock Input) 

A high to low transition on PROG indicates that the op- 
code and the addressed port information are available 
on port 2. A low to high transition indicates that data is 
available on port 2. 

Ground 

Ground. 

Vdd (Power Supply) 

+5 V power supply input. 



Block Diagram 
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Absolute Maximum Ratings 

Ta = 25°C 



DC Characteristics (cent) 

Ta= -40°Cto +85°C;Vdd= +2.5Vto +6V 



Power supply voltage, Vqq 


-0.5Vto+7V(1) 


Input voltage, V| 


-0.3VtoVDD+0.3V 


Output voltage, Vq 


-0.3VtoVDD+0.3V 


Operating temperature, Tqpt 


-40°Cto+85°C 


Storage temperature, Tsjq 


-65°Cto +150°C 


Power dissipation, Pq 


LOW 



Note: 

(1) With respect to ground. 

Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

Ta= -40°Cto -i-85°C;Vdd= +5V±10% 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVp 


Max 


Conditions 


Input voltage 
high 


V|H 


Vdd- 


■2.0 


Vdd 


V 




Input voltage 
low 


V|L 


-0.3 


-1-0.8 


V 




Output voltage 
high (port 4-7) 


VOHI 


Vdd- 


■0.5 




V 


l0H=-240/.A 


Output voltage 
high (port 2) 


VoH2 


Vdd- 


■0.5 




V 


IOH=-100|uA 


Output voltage 
low (port 4-7) 


V0L1 






+0.45 


V 


IOL = 5mA,(Note 
1) 


Output voltage 
low (port 7) 


V0L2 






H-1 


V 


l0L=+20mA 


Output voltage 
low (port 2) 


V0L3 






-hO.45 


V 


IOL=0.6mA 


SumofallloL 
from 16 outputs 


lOL 






80 


mA 


5 mA each pin 


Input leakage 
current (port 
4-7) 


l|L1 






±1 


M 


V|;^ = VDDtoOV 


Input leakage 
current (port 2, 
OS, PROG) 


l|L2 






±1 


mA 


V|N = VDDtoOV 


Vdd supply 
current 


Iddi 




100 


300 


mA 




Power down 
supply current 


IdD2 




1 


10 


mA 







Symbol 


1 


Limits 




Unit 


Test 


Parameter 


Min 


TVp 


Max 


Conditions 


Input voltage 
high 


V|H 


0,7Vdd 




Vdd 


V 




Input voltage 
low 


V|L 


-0.3 




-f-0.18VDD V 




Output voltage 
high (port 4-7) 


Vqhi 


0.75 Vdd 






V 


Ioh=-120mA 


Output voltage 
high (port 2) 


V0H2 


0.75 Vdd 






V 


Iqh=-50^*A 


Output voltage 
low (port 4-7) 


Vqli 






+0.45 


V 


l0L= -1-2.5 mA 


Output voltage 
low (port 7) 


V0L2 






+1 


V 


l0L=+7mA 


Output voltage 
low (port 2) 


V0L3 






+0.45 


V 


10L=H-0.3mA 


Output current 
low (port 4-7) 


lOL 






40 


mA 


+2.5 mA each pin 


Input leakage 
current (port 
4-7) 


l|L1 






±1 


mA 


V|N = VDDtoOV 


Input leakage 
current (port 2, 
CS, PROG) 


l|L2 






±1 


^<A 


V|N = VDDtoOV 


Vdd supply 
current 


Iddi 




100 


300 


mA 


Operation mode, 
(Note1) 


Power down 
supply current 


Idd2 




1 


10 


^.A 


Standby mode 



Note: 

(1) Ioh = OmA, prog pulse cycle = 5 |us min. 




Note: 

(1) Refer to graph of additional sink current drive. 
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AC Characteristics 

Ta= -40°Cto +85°C,Vdd= +5V±10% 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


Max 


Conditions 


Code valid 
before PROG 


tA 


100 






ns 


80 pF load 


Code valid after 
PROG 


tB 









ns 


20 pF load 


Data valid before 
PROG 


tc 


200 






ns 


80 pF load 


Data valid after 
PROG 


to 


20 






ns 


20 pF load 


Port 2 floating 
after PROG 


tH 







150 


ns 


20 pF load 


PROG negative 
pulse w/idth 


tK 


700 






ns 




Ports 4-7 valid 
after PROG 


tpo 






700 


ns 


100 pF load 


Ports 4-7 valid 
before / after 
PROG 


t|P 


100 






ns 




Port 2 valid after 
PROG 


tACC 


90 




650 


ns 


80 pF load 


OS valid 
before /after 
PROG 


tcs 


50 






ns 





Timing Waveform 



\ 



: V Instruction / Float W Data / 



-^tc — 



/ 



X '"'""" X 



U— ipo— ► 



Ports 
4-7 



»orts ^ ^ 

*-' A. 



h 



Previous Output Valid 



Input Valid 



X 



^\ 



K 



tcs 



h-tcs-^ 



y 



AC Cliaracteristics 

Ta= -40°Cto +85°C,Vdd= +2.5Vto +6V 





Symboi 




Limits 




Unit 


Test 


Parameter 


IWin 


TVp 


Max 


Conditions 


Command input 
setup time to 
PROGi 


tA 


300 






ns 


Port 2 (control, 
port, address); 
80 pF load 


Command input 
setup time after 
PROGi 


tB 









ns 


Port 2 (control, 
port, address); 
20 pF load 


Data input setup tc 
time to PROG t 


600 






ns 


Port 2 (write 
mode); 80 pF load 


Data input hold 
time after 
PROG! 


to 


80 






ns 


Port 2 (write 
mode); 20 pF load 


Data float delay 
time from 
PROG t 


tH 







400 


ns 


Port 2 (read mode); 
20 pF load 


PROG pulse 
width 


tK 


2 






MS 





CS input setup 
tjme to PROG 4 
CS input hold 
time after 
PROGt 



tcs 



200 



Data output tpo 
delay time from 
PROGt 



Data Input setup tip 
time to PROG i 
Data input hold 
time after 
PROGt 



100 



Data output tAcc 
delay time from 
PROGi 



2 ns 



Port 4-7; 100 pF 
load 



ns Port 4-7 



3.5 hs Port 2; 80 pF load 
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Figure 1. 


Current Sinking Capability (Note 1) 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Maximum Sink Current at Any Pin [Vol = 0.4 V] 
Maximum Iql Worst Cast Pin In mA 

Note: 

(1) This curve plots the guaranteed worst case current sinking capability 
of any I/O port line versus the total sink current of all pins. The 
fiPD82C43 is capable of sinking S mA (for Vq^ = 0.4 V) through each of 
the 16 I/O lines simultaneously. The current sinking curve shows how 
the Individual I/O line drive Increases if all the I/O lines are not fully 
loaded. 

83«)19a6A 



Figure 2. tACC (Min)/ixPD82C43 vs 
tpc(Max)/iAPD80C48, ^iPD80C49 



V 










^ 


>. >k. t 


PD82C43 
















1 ^^"^"^ 
MPD80C48 


Cl[^^ 






(iPD80C49 


^ 




1 





Frequency [MHz] 



Functional Description 

The I/O capabilities of the p<PD8048/C48 family can be 
enhanced In four I/O port increments of 4 bits each 
using one or more /iPD82C43s. These additional I/O 
lines are addressed as ports 4-7. The following lists the 
operations which can be performed on ports 4-7. 

• Logical AND accumulator to port 

• Logical OR accumulator to port 

• Transfer port to accumulator 

• Transfer accumulator to port 

Port 2 (P2o-P23) forms the 4-bit bus through which the 
/LtPD82C43 communicates with the host processor. The 
PROG output from the pjPD8048/C48 family provides 
the necessary timing to the jnPD82C43. There are two 
4-bit nibbles involved in each data transfer. The first 
nibble contains the opcode and port address followed 
by the second nibble containing the 4-bit data. Multiple 
/iPD82C43s can be used for additional I/O. The output 
lines from the /iPD8048/C48 family can be used to form 
the chip selects for additional /iPD82C43s. 

Power On Initialization 

Applying power to the ^PD82C43 sets ports 4-7 to the 
high impedance mode and port 2 to the input mode. The 
state of the PROG pin at power on may be either high or 
low. The PROG pin must make a high to low transition in 
order to exit from the power on mode. The power on 
sequence is initiated any time Vqd drops below IV. 
Table 1 following shows how the first 4-bit nibble of a 
data transfer instruction is decoded. 

Table 1. Port 2 Instruction Decoding 




P23 


P22 


Instruction Code 


P2i 


P2o 


Address Code 








Read 








Port 4 





1 


Write 





1 


Ports 


1 





ORLD 


1 





Porte 


1 


1 


ANLD 


1 


1 


Port 7 



For example, a 0010 appearing on P23-P2o, respectively, 
would result in a read of port 6. 

Read Mode 

There is one read mode in the pPD82C43. A falling edge 
on the PROG pin latches the op code and port address 
from input port 2. The port address and read operation 
are then decoded, causing the appropriate outputs to 
be high impedance and the input buffers switched on. 
The rising edge of PROG terminates the read operation. 
The port (4, 5, 6, or 7) that was selected by the port 
address (P2i-P2o) is returned to the high impedance 
mode, and port 2 is switched to the input mode. 
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Generally, in the read mode a port wlH be an input and in 
the write mode it will be an output. If during program 
operation the mPD82C43's modes are changed, the first 
read pulse immediately following a write should be 
ignored. The subsequent read signals are valid. 
Reading a port will then force that port to a high 
impedance state. 

Write Modes 

There are three write modes in the jiPD82C43. The 
MOVD Pp, A instruction from the /iPD8048/C48 family 
writes the new data directly to the specified port (4, 5, 6, 



or 7). The old data previously latched at that port is lost. 
The ORLD Pp, A instruction performs a logical OR 
between the new data and the data currently latched at 
the selected port. The result is then latched at that port. 
The final write mode uses the ANLD Pp, A instruction. It 
performs a logical AND between the new data and the 
data currently latched at the specified port. The result is 
latched at that port. 

The data remains latched at the selected port following 
the logical manipulation until new data is written to that 
port. 
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Section 8 — NMOS System Support Products 

yuPD8155/56 2048-Bit Static MOS RAM with I/O Ports and Tinner 8-3 

/t/PB8216/26 4-Bit Parallel Bidirectional Bus Drivers 8-11 

AJPD8237A High-Performance Programmable DMA Controller 8-15 

/;PD8243/H Input/Output Expander for/;«PD8048 Family 8-33 

//PD8251A/AF Programmable Communications Interface (USART) 8-39 

/;»PD8253 Programmable Interval Timer 8-57 

//PD8255A Programmable Peripheral Interface 8-69 

//PD8257 Programmable DMA Controller 8-79 

//PD8259A Programmable Interrupt Controller 8-91 

/yPD8279 Programmable Keyboard/Display Interface 8-109 

/yPB8282/83 8-Bit Latches 8-117 

//PB8284A Clock Generator and Driver for 

8086/8088 Microprocessors 8-121 

/yPB8286/87 8-Bit Bus Transceivers 8-127 

//PB8288 CPU System Bus Controller 8-131 

//PB8289 Bus Arbiter 8-139 
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MPD8155/56 

2048-BIT STATIC MOS RAM 

WITH I/O PORTS AND TIMER 



Description 

The jL<PD8155 and mPD8156 are jLiPD8085A family 
components having 256 x 8-bit static RAIVl, 3 
programmable I/O ports, and a programmable timer. 
They directly interface to the multiplexed juPD8085A bus 
with no external logic. The jl(PD8155 has an active low 
chip enable while the /:^PD8156 is active high. 

The MPD8155 and mPD8156 contain 2048 bits (256 x 8) of 
static RAM. The 256 words of memory may be selected 
anywhere within the system's 64K memory space by 
coding the upper 8 bits of address from the juPD8085A 
as a chip select. 

The two general purpose 8-bit ports (PA and PB) may be 
programmed for input or output either in interrupt or sta- 
tus mode. The single 6-bit port (PC) may be used as a 
control for PA and PB or as a general purpose I/O port. 
The /:<PD8155 and jl(PD8156 are programmed for their sys- 
tem personalities by writing into their command/status 
(C/S) registers upon system initialization. 

The timer is a single 14-bit down counter which is 
programmable for 4 modes of output operation; see 
tables. 

Features 

D 256 X 8-bit static RAM 

D Two programmable 8-bit I/O ports 

D One programmable 6-bit I/O port 

D Single -f5V±10% power supply 

D Directly interfaces to the (uPD8085A and 

HPD8085A-2 

D Programmable 14-bit binary counter/timer 



Ordering information 




Part 
Number 


Package IVpe 


Max Frequency 
of Operation 


f^PD8155C/55HC 


40-pin plastic DIP 


3 MHz 


f^PD8155C-2/55HC-2 


40-pin plastic DIP 


5 MHz 


piPD8156C/56HC 


40-pin plastic DIP 


3MHz 


/iPD8156C-2/56HC-2 


40-pin plastic DIP 


5 MHz 



Pin Configuration 








PC31: 1 ^ 


J 40 


13 Vcc 




PC4 c 2 


39 


3 PC2 




TIMER IN C 


3 


38 


3 PCi 




RESET C 


4 


37 


H PCo 




PCs c 


5 


36 


J PB7 




TIMER OUT C 


6 


35 


3 PBe 




\OIM C 


7 


34 


3 PB5 




CE/CE* C 


8 


33 


1 PB4 




RD C 


9 


£ 32 


D PB3 




WR C 


10 


fi 31 


3 PB2 




ALE C 


11 


5 30 


1 PBi 




ADo C 


12 


i 29 


3 PBo 




ADi C 


13 


23 


1 PA7 




AD2 C 


14 


27 


3 PAe 




AD3 C 


15 


26 


3 PA5 




AD4 C 


16 


25 


3 PA4 




AD5 C 


17 


24 


3 PA3 




ADe C 


18 


23 


3 PA2 




VPD8155: CE *°' 
;/PD8156:CE Vss C 


19 
20 


22 

21 


3 PAi 
3 PAo 
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Pin identification 




No. 






Symbol 


Function 


1,2,5, 


37- 


-39 


PC0-PC5 


6-bit I/O port or control lines 


3 






TIMER IN 


Timer clock input 


4 






RESET 


Reset input 


6 






TIMER OUT 


Timer counter output 


7 






lO/M 


I/O or memory select input 


8 






CE/CE 


Chip enable input 


9 






RD 


Read strobe input 


10 






WR 


Write strobe input 


11 






ALE 


Address low enable input 


12-19 






AD0-AD7 


Lowaddress/databusl/O 


20 






Vss 


Ground 


21-28 






PA0-PA7 


8-bit I/O port A 


29-36 






PB0-PB7 


8-bit I/O port B 


40 






Vcc 


+5V power supply 
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Pin Functions 

AD0-AD7 (Low Address/ Data Bus) 

Three-state address /data (AD) lines that interface with 
the CPU lower 8-bit address/data bus. The 8-bit address 
Is loaded into the internal address latch on the falling 
edge of ALE. The 8-bit data is then written to or read 
from the chip, based on WR and RD strobe inputs. 

PAo-PA7(PortA) 

8-bit general purpose I/O port. Data direction is se- 
lected by programnning the command status register. 

PBo-PB7(PortB) 

8-bit general purpose I/O port. Data direction is se- 
lected by programming the command status register. 

PCo-PC5(PortC) 

6-bit general purpose I/O port or control signals for PA 
and PB. Port C function is selected by programming the 
command status register. 

ALE (Address Low Enable) 

This input control signal latches the address on the 
AD0-AD7 lines and the states of CE/CE and lO/M into 
the chip on the falling edge of ALE. 

CE/CE (Chip Enable) 

The chip enable input is active low for |l<PD8155 and ac- 
tive high for ;^PD8156. 



10/ M (I/O or Memory Select) 

This input selects either internal RAM memory if low or 
1/0 and command status registers if high. 

RESET (Reset) 

The reset input from ;.iPD8085A initializes ports A, B, 
and C to the input mode. 

TIMER IN (Timer Clock In) 

Clock input to the 14-bit binary down counter. 



TIMER OUT (Timer Counter Output) 

The timer output is programmable for 4 output 
waveform modes. The selected output waveform can be 
a single pulse or a continuous pulse train, or it can be a 
single square wave or a continuous square wave. 

RD (Read Strobe) 

The RD input will strobe the addressed RAM data onto 
the AD bus if the 10/ M pin is low; otherwise the content 
of the selected I/O port or command status registers 
will be strobed onto the AD bus. 

WR (Write Strobe) 

The WR input will strobe the available data on the AD 
bus into addressed RAM location or I/O ports and com- 
mand status registers depending on 10/ M. 

Vcc (Power Supply) 

-1-5 V power supply input. 

Vss (Ground) 

Ground. 
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Block Diagram 
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Control 
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Absolute Maximum Ratings 

Ta = 25°C 



Power supply voltage, Vcc 


-0.5Vto+7V 


Operating temperature, Tqpt 


0°C to +70°C 


Storage temperature, Tstg 


-65°Cto+150°C 


Power dissipation, Pp 


1.5W 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximunn Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



DC Characteristics 

TA = 0°CtO -l-70<'C,Vcc= -f-5V±10% 





Symbol 




Umite 




UnH 


Tast 




Min 


TVp 


Max 


Conditions 


Input voltage 
low 


V|L 


-0.5 




0.8 


V 




Input voltage 
high 


V|H 


2.0 




Vcc +0.5 


V 




Output voltage 
low 


Vol 






0.45 


V 


IOL=2.0mA 


Output voltage 
high 


VOH 


2.4 






V 


IOH = 400p^ 


Input leakage 
current 


Ili 






±10 


^ 


V| = VcctoOV 


Output leakage 
current 


Ilo 






±10 


M 


0.45V<VouT< 

Vcc 



Power supply Ice 
current (Vcc) 




180 mA 



8155/56, 
8155-2/56-2 





125 


mA 


8155H/56H, 
8155H-2/56H-2 


Chip /iPD8155 I|l(CE) 


-1-100 


M 


V|=VcctoOV 


f"f' e ;.PD8156 
leakage 


-100 


nA 


V| = VcctoOV 
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AC Characteristics 

Ta = 0°C to +70°C, Vcc = 5 V ± 10% 




Symbol 






Limits 




Unit 




Parameter 


MPD8155/56/55H/56H 
Min Max 


MPD8155-2r56-2/55H-2/56H-2 
Min Max 


Test 
Conditions(l) 


Address to latch setup time 


tAL 


50 




30 




ns 




Address hold time after latcti 


tLA 


80 




30 




ns 




Latch to READ /WRITE control 


tie . 


100 




40 




ns 




Valid data out delay from READ 
control 


tRD 




170 




140 


ns 




Address stable to data out valid 


Ud 




400 




330 


ns 




Latch enable width 


tLL 


100 




70 




ns 




Data 'bus float after READ 


tRDF 





100 





80 


ns 




READ /WRITE control to latch enable 


tCL 


20 




10 




ns 




READ /WRITE control width 


kc 


250 




200 




ns 




Data in to WRITE setup time 


tow 


150 




100 




ns 




Data in hold time after WRITE 


tWD 












ns 




Recovery time between controls 


'rv 


300 




200 




ns 




WRITE to port output 


twp 




400 




300 


ns 




Port input setup time 


tpR 


70 




50 




ns 




Port input hold time 


Irp 


50 




10 




ns 




Strobe to buffer full 


^SBF 




400 




300 


ns 




Strobe width 


tss 


200 




150 




ns 




READ to buffer empty 


<RBE 




400 




300 


ns 




Strobe to INTR on 


tsi 




400 




300 


ns 




READtolNTRoff 


<RDI 




400 




300 


ns 




Port setup time to strobe 


tpss 


50 









ns 




Port hold time after strobe 


tpHS 


120 




100 




ns 




Strobe to buffer empty 


tSBE 




400 




300 


ns 




WRITE to buffer full 


tWBE 




400 




300 


ns 




WRITE to INTR off 


%l 




400 




300 


ns 




TIMER IN to TIMER OUT low 


tTL 




400 




300 


ns 




TIMER IN toTIMER OUT high 


tTH 




400 




300 


ns 




Data bus enable from READ control 


'rde 


10 




10 




ns 




Clock TIMER IN 


*CYC 


320 




200 




ns 




CLK rise and fall time 


tr.tf 




30 




30 


ns 




CLK pulse width 


tl 


80 




40 




ns 






t2 


120 




70 




ns 





Note: 

(1) 150 pF load 
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Timing Waveforms 

Read Cycle 
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Timing Waveforms (cont) 

Strobed Input Mode 



f\ 



\ 



tss ► 1- — tsi — H 



i: 
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♦tRBE* 
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strobed Output Mode 



J 
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X 
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Basic Input Mode 













RD 


1' >| tpR 
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-»RP 


Input 


i^ 


; X 








1 


Data Bus 


:::::::::x: 
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Basic Output Mode 






1 


WR \ 


1-«P- 




Data Bus V 


X 




Output 


^ 
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Time Output 



COUNT 1 
TIMER IN 


Load 
Counter 
FromCLR ► 






3 

11 


2 
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. 1 
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Counter i 
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rr 
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TIMEOUT 
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-tTH 
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Functional Description 

Command Status Register 

The command status register is an 8-bit register wiiicii 
must be programmed before tlie nPD8155/56 can per- 
form any useful functions. Its purpose is to define tlie 
mode of operation of the three ports and the timer. Pro- 
gramming of the device may be accomplished by writ- 
ing to I/O address XXXXXOOO (X = don't care) with a 
specific bit pattern. Reading of the command status 
register can be accomplished by performing an I/O read 
operation at address XXXXXOOO. The pattern returned 
will be a 7-bit status report of PA, PB and the timer. The 
bit patterns for the command status register read and 
write are shown in tables 1 and 2. 



Tabie 1 


Command Status Write 








TM2 


TM1 


lEB 


lEA 


PC2 


PCi 


PB 


PA 



where: 

TM2-TM1 

lEB 

lEA 

PC2-PC1 

PB/PA 



= Define timer mode 

= Enable port B interrupt 

= Enable port A interrupt 

= Define port C mode 

= Define port B/ A as in or out(1) 



The timer mode of operation is programmed as follows 
during command status write: 



TM2 



TM1 



Timer Mode 



Don't affect timer operation 



Stop timer counting 




Stop counting after TC 



Start timer operation 



Interrupt enable status is programmed as follows: 



lEB/lEA 



Interrupt Enable Port B/A 



No 



Yes 



Port C may be placed in four possible (Alt) modes of op- 
eration as outlined below. The modes are selected dur- 
ing command status write as follows: 



PC2 



PCi 



Port C Mode 



Ait1 



Ait 3 



Alt 4 



Ait 2 
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The function of each pin of port C in the four possible 
modes is outlined as follows: 



Pin 


Alt1 


Alt 2 


Alt 3(2) 


Alt 4(2) 


pco 


In 


Out 


AINTR 


AINTR 


PCi 


In 


Out 


ABF 


ABF 


PC2 


In 


Out 


A STB 


A STB 


PCs 


In 


Out 


Out 


BINTR 


PC4 


In 


Out 


Out 


BBF 


PCs 


In 


Out 


Out 


BSTB 



Note: 

(1) PB/PA sets port B/A mode: = Input; 1 = output 

(2) In Alt 3 and Alt 4 modes, the control signals are Initialized as follows: 
Control Input Output 

STB (Input strobe) Input control Output control 

INTR (Interrupt request) Low High 

BF (Buffer full) Low Low 



Table 2 


Command Status Read 








X 


Tl 


INTE 
B 


B 

BF 


INTR 
B 


INTE 
A 


A 
BF 


INTR 
A 



where: 

Tl = Indicates a timer interrupt. This bit is set 

when terminal count is reached. It is re- 
set when starting a new count, or a hard- 
ware reset occurs, or after reading the CS 
register. 

= Port B/A interrupt. High = active. 

= Indicates whether port B/A is full if in in- 
put mode or empty if in output mode. 
High = active. 

= Port B/A interrupt request. High = active. 

The programming address summary for the status, 
ports, and timer are as follows: 



INTE B/A 
B/ABF 



INTR B/A 



I/O Address 


Number of Bits 


Function 


xxxxxooo 


8 


Command status 


XXXXX001 


8 


PA 


XXXXX010 


8 


PB 


XXXXX011 


6 


PC 


XXXXX100 


8 


Timer low 


XXXXX101 


8 


Timer high 



Timer Operation 

The internal timer is a 14-bit binary down counter capa- 
ble of operating in 4 output modes which are 
programmable at any time during operation. Any TTL 
clock meeting timer in requirements (see AC Character- 
istics) may be used as a time base and fed to the timer 
input. The timer output may be looped around and 
cause an interrupt or may be used as I/O control. The 
output modes are defined in table 3 and programmed as 
the two MSBs of the higher order byte of the timer count 
register. 



Table 3. 


Timer Output Modes 


M2 


Ml 


Operation 








Single square wave cycle from start to terminal count 





1 


Continuous square wave (period = count length) 


1 





Single pulse at terminal count 


1 1 Continuous single pulse occurring at terminal count 



Word 




Timer Count Register 




High byte 
Low byte 


M2 
T7 


T6 


T13 
T5 


T12 
T4 


T11 
T3 


T10 
T2 


T9 


T8 
To 



Programming the timer requries two words to be written 
to the MPD8155/56 at I/O address XXXXX100 and XX- 
XXX101 for the low and high order bytes, respectively. 
Valid count length must be between 0002H and 3FFFH. 
The bit assignments for the high and low programming 
words of the timer count register are as follows: 

I/O Address 



XXXXX101 
XXXXX100 



The control of the timer is performed by TM2 and TM1 of 
the command status word. 

Note that counting will be stopped by a hardware reset. 
A start command must be issued via the command sta- 
tus register to begin counting. A new mode and/or 
count length can be loaded while the counter is count- 
ing, but will not be used until a start command is issued. 

When an external nonsynchronous event is used as the 
timer input, the signal must first be synchronized to the 
system clock. A D-type flip-flop can be used for this 
purpose. 
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ArPB8216/26 

4-BIT PARALLEL 

BIDIRECTIONAL BUS DRIVERS 



Description 

The//PB8216and//PB8226 are 4-bit parallel bidirectional 
bus drivers specifically designed to buffer microcomput- 
er system components. All inputs are low power TTL 
compatible. For driving MOS, the DO outputs provide a 
high 3.65 volts (Vqh); for high-capacitance terminated 
bus structures, the DB outputs provide a high 55 mA 
Col) capability. The noninverting yuPB8216 and the 
inverting //PB8226 bus drivers are available to meet a 
wide variety of applications for buffering in micro- 
computer systems. 

Features 

D Low input load current; 0.25 mA maximum 

D High output drive capability for driving system data 

bus 
D 3.65 V output high voltage for direct interface to 

CPU 
D Three-state outputs 
n Reduces system package count 



Pin Identification 



Ordering Information 




Part Number 


Package Type 


//PB8216C 


16-pin plastic DIP 


/uPB8226C 


16-pin plastic DIP 



Pin Configuration 







\J 








CSC 


1 


16 


3 Vcc 


poo i: 


2 




15 


3 DIEN 




DBoC 


3 


s 


14 


3 OOo 




DIo C 


4 


13 


1 DB3 




DOi C 


S 


^ 


12 


3 DI3 




DBi C 


6 


a. 


11 


3 DO2 




Dli C 


7 




10 


3 DB2 




GND C 


8 




9 


3 Dh 


83-0O1988A 













No. 


Symbol 


Function 


1 


CS 


Chip select input 


2 


DOo 


Data output, bit 


3 


DBo 


Data bus, bitO 


4 


DIo 


Data input, bit 


5 


DO1 


Data output, bit 1 


6 


DBi 


Data bus, bit 1 


7 


Dh 


Data input, bit 1 


8 


GND 


Ground 


9 


DI2 


Data input, bit 2 


10 


DB2 


Data bus, bit 2 


11 


DO2 


Data output, bit 2 


12 


DI3 


Data input, bit 3 


13 


DB3 


Data bus, bit 3 


14 


DO3 


Data output, bit 3 


15 


DIEN 


Data in enable 


16 


Vcc 


-1-5 V power supply 



Pin Functions 

DB0-DB3 (Bidirectional Data Bus) 

Three-state data lines that interface with the system 
data bus. Data direction and h igh impedance output are 
functions of the CS and DIEN control signals. 

DIo- DI3 (Data Input) 

The four data input lines receive data from the CPU and 
mak e it av ailable to the system data bus when both CS 
and DIEN are active low. 

DO0-DO3 (Data Output) 

The four data output lines make data available to the 
CPU from the system data bus when CS is active low 
and DIEN is active high. 

CS (Chip Select) 

Chip select enables the chip's I/O capability when ac- 
tive low. When CS is high, the output drivers go to a high 
impedance state. 
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DIEN (Data In Enable) 



DIEN is the data flow direction control signal. When low, 
data on the chip's input lines (DIq-DIs) from the CPU is 
made available to the system data bus (DB0-DB3). 
When high, data on the chip's data bus lines (DB0-DB3) 
is output to the CPU (providing CS is active low en- 
abled). 

Block Diagrams 

IJ1PB8216 



Vcc (Power Supply) 

+5 V power supply input. 

GND (Ground) 

Ground. 



lxPB8226 
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Functional Description 

Microprocessors like the f^PDSOSOA are MOS devices 
and are generally capable of driving a single TTL load. 
This also applies to MOS memory devices. This type of 
drive is sufficient for small systems with a few 
components, but often it is necessary to buffer the 
microprocessor and memories when adding 
components or expanding to a multiboard system. 

Bidirectional Driver 

Each buffered line of the jl/PB8216/26 4-bit driver 
consists of two separate buffers. They are three-state in 
nature to achieve direct bus interface and bidirectional 
capability. On one side of the driver the output of one 
buffer and the input of another are tied together (DB). 
This is used to interface to the system side components 
such as memories, I/O, etc. Its interface is directly 
TTL-compatible and it has a high drive (55mA). For 
maximum flexibility on the other side of the driver, the 
inputs and outputs are separate. They can be tied 
together so that the driver can be used to buffer a true 
bidirectional bus such as the 8080A data bus. The DO 
outputs on this side of the driver have a special high 
voltage output drive capability (3.65V) so that direct 
interface to the 8080A processor is achieved with a 
maximum noise level of 650 mV. 



Control Gating CS, DIEN 

The CS input is used for device selection. When CS is 
high, the output drivers are all forced to their high 
impedance state. When it is low, the device is selected 
(en abled) and the data flow direction is determined by 
the DIEN input. 



The DIEN input controls the data flow direction (see 
block diagrams for complete truth table). This 
directional control is accomplished by forcing one of 
the pair of buffers to its high impedance state. This 
allows the other to transmit its data. This is 
accomplished by a simple two-gate circuit. 

The /iPB8216/26 is a device that will reduce component 
count in microcomputer systems and at the same time 
enhance noise immunity to assure reliable, high 
performance operation. 



Absolute iViaximum Ratings 

Ta = 25 °C 




Power supply voltage, Vcc 


-0.5Vto+7.0V 


Input voltage, V| 


-1.0Vto+5.5V 


Output voltage, Vq 


-1.0Vto+5.5V 


Operating temperature, Tqpt 


0°C to +70°C 


Storage temperature, Tstg 


-65°Cto+150°C 


Output current, Jo 


125 mA 



Comment: Exposing ttie device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance (Note 1) 



Ta = 25°C,Vcc = 5V 














Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVp 


Max 


Conditions 


Input 
capacitance 


C| 






8 


PF 


f=1.0MHz 


Output 
capacitance 


Coi 






10(2) 


PF 


VbiaS = 2.5V 


Output 
capacitance 


C02 






18(3) 


pF 





Note: 

(1) This parameter is not 100% tested. 

(2) DO output. 

(3) DB output. 



E 



8-13 



/iPB8216l26 



NEC 



DC Characteristics 

TA = 0°Cto +70°C;Vcc= +5V±5% 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


lyp 


Max 


Conditions 


Input voltage 
low 


V|L 






0.95 


V 




Input voltage 
high 


V|H 


2.0 






V 





Output voltage Vqu 



VOLI 


0.48 


V 


DO outputs; 
loL=15mA 




0.48 


V 


DB outputs 
IOL=25mA 


V0L2 


0.7 


V 


8216; DB outputs; 
IOL=55mA 



0.7 



V 8226; DB outputs 
l0L = 50mA 



Output voltage Vqhi 3.65 
high 



V DO outputs; 
IOH=-1mA 



VoH2 2.4 



V DB outputs; 



Input forward V^ 
voltage clamp 



-1.0 



V lc=-5mA 



Input load 
current 



-0.5 



mA (DIEN.CS); 
Vf = 0.45V 



-0.25 



mA (All other inputs); 
Vf=0.45V 



Input leakage Iri 
current 



20 



/.(A (DIEN, CS); 
Vr = 5.25V 



Ir2 


10 


mA 


(Dl inputs); 
Vr=5.25V 


Output leakage Iq 
current (3-state) 


20 


1^ 


DO outputs; 

Vo = 0.45/5.25V 




100 


mA 


DB outputs 



Output short Iqs 
circuit current 



-65 



mA DO outputs; 
Vo=OV 







-30 


-120 


mA DB outputs 
Vcc = 5.0V 


Power supply 


Icc 




130 


mA 8216 


current 




120 


mA 8226 



Timing Waveform 










1 


Inputs 

Output 
Enable 




X- 




♦fPD* 




J 


^v 




«, 


U.E-^ 




-tD- 


0.5 V 

+ u 


Outputs 


) 


K ^ 


U=-t "OH 

r=i^vo, 








t 

0.5 V 

83-001992A 



AC Characteristics 

TA = 0°Cto -(-70°C,Vcc= -i-5V±5%(Note1) 







Limits 




Test 


Parameter Symboi 


Min 


TVP 


Max 


Unit Conditions 


Input to output tpoi 
delay DO outputs 






25 


ns Cl=30pF, 
Rl = 300Q, 
R2 = 600Q, 
(Note 4) 



Input to output tpD2 
delay DB outputs 



30 



8216; Cl = 300 pF, 
Rl = 90Q, 
R2 = 180Q, 
(Note 4) 



25 



ns 8226; Cl = 300 pF 
Rl = 90Q, 
R2 = 180n, 
(Note 4) 



Output enable tg 


65 


ns 8216; (Notes 2 & 4) 


time 


54 


ns 8226; (Notes 2 & 4) 


Output disable tp 
time 


35 


ns (Notes 3 & 4) 



Note: 

(1) Typical values are for Ta = 25°C,Vcc= +5.0 V. 

(2) DO outputs, Cl = 30 pF, Ri = 300/10 kQ, R2 = 600/1 kQ 
DB outputs, Cl = 300 pF, R^ = 90/10 kSJ, R2 = 180/1 kQ. 

(3) DO outputs, Cl = 5 pF, Ri = 300/10 KQ, R2 = 600/1 kQ 
DB outputs, Cl = 5 pF, Ri = 90/10 kQ, R2 = 180/1 kQ. 

(4) Input pulse amplitude: 2.5 V 

input rise and fail times of 5 ns between 1 and 2 V. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 V levels. 

Test Load Circuit 
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//PD8237A 

HIGH-PERFORMANCE 

PROGRAMMABLE DMA CONTROLLER 



Description 

The ^PD8237A high performance DMA controller Is a 
peripheral interface circuit for microprocessor 
systems. It is designed to improve system per- 
formance by allowing external devices to directly 
transfer information to or from the system memory. 
Memory-to-memory transfer capability is also provid- 
ed. The ;.iPD8237A offers a wide variety of program- 
mable control features to enhance data throughput 
and allow dynamic reconfiguration under program 
control. 

The /iPD8237A is designed to be used with an exter- 
nal 8-bit address register such as the 8282. It contains 
four independent channels and may be expanded to 
any number of channels by cascading additional con- 
troller chips. 

The three basic transfer modes allow the user to pro- 
gram the types of DMA service. Each channel can be 
individually programmed to autoinitialize to its 
original condition following an end of process (EOP). 

Each channel has a full 64K-byte address and word 
count capability. 

Features 

D Memory-to-memory transfers 

D Memory block initialization 

n Address increment or decrement 

D Four independent DMA channels 

D Multiple transfer modes: block, demand, 

single word, cascade 
D Independent autoinitialization of all channels 
D Enable/disable control of individual DMA requests 
n Independent polarity control of DREQ and DACK 

signals 
D End of process input for terminating transfers 
D Software DMA requests 
D High performance: transfers up to 1.6 Mbs 
D Directly expandable to any number of channels 



Pin Configuration 



Ordering Information 




Part Package 
Number Type 


Max Frequency 
of Operation 


^PD8237AC-5 40-pin plastic DIP 


5 MHz 



iioR c 


1 '^ 


J 40 


D A7 




i/owC 


2 


39 H Ae 




MEMR C 


3 


38 


D As 




MEMW C 


4 


37 


DA4 




C 


5 


36 


HEOP 




READY C 


6 


35 


DA3 




HLDAC 


7 


34 


DA2 




ADDSTB C 


8 


33 


DAi 




AEN C 9 ^ 32 


HAo 




HRQC 


10 S 31 


DVcc 




CSC 


11 g 30 


DDo 




CLKC 


12 "^ 29 


HDi 




RESET C 


13 


28 


DD2 




DACK2 H 


14 


27 


DD3 




DACK3 C 


IS 


26 


3D4 




DRQ3C 


16 


25 


3 DACKo 




DRQ2 C 17 


24 


H DACKi 




DRQi □ 


18 


23 


3Ds 




DRQo D 


19 


22 


30s 




GND q 20 


21 


JDj 


83-003617A 











Pin identification 




No. 


Symbol 




Function 


1 


I/OR 




1/0 read control signal 


2 


l/OW 




I/O write control signal 


3 


MEMR 




Memory read output 


4 


MEMW 




Memory write output 


5 


- 




Fixed, high level input 


6 


READY 




Ready input 


7 


HLDA 




Hold acknowledge input 


8 


ADDSTB 




Address strobe output 


9 


AEN 




Address enable output 


10 


HRQ 




Hold request output 


11 


CS 




Chip select input 


12 


CLK 




Clock input 


13 


RESET 




Reset Input 


14, 15 
24, 25 


DACK2, 
DACKi, 


DACK3 
DACKo 


DMA acknowledge output 


16-19 


DRQ3-DRQ0 


DMA request input 


20 


GND 




Ground 


21-23, 
26-30 


D7-D5 
D4-D0 




I/O data bus 


31 


Vcc 




Power supply 


32-35 


A0-A3 




I/O address bus 


36 


EOP 




I/O end of process 


37-40 


A4-A7 




Output address bus 
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Pin Functions 

D0-D7 (I/O Data Bus) 

During an I/O read, the CPU enables these lines as 
outputs, allowing It to read an address register, a 
word count register, or the status or temporary 
register. During an I/O write, these lines are enabled 
as inputs, allowing the CPU to program the fiPD8237A 
control registers. During DMA cycles, the eight MSBs 
of the address are output to the data bus to be strob- 
ed to an external latch via ADDSTB. 

A4-A7 (Output Address Bus) 

These lines, active only during DMA service, are out- 
puts that provide the four MSBs of the address. 

A0-A3 (I/O Address Bus) 

During DMA active states, these lines are outputs that 
provide the 4 LSBs of the output address bus. During 
DMA idle states, these lines are inputs, allowing the 
CPU to load or examine control registers. 

DRQ0-DRQ3 (DMA Request Input) 

These are asynchronous channel request inputs us- 
ed by peripherals to request DMA service. In a fixed 
priority scheme, DRQ3 has the lowest. The polarity of 
these lines is programmable; however, reset initializes 
them to active high. 

HLDA (Hold Acknowledge) 

Indicates that the CPU has relinquished control of the 
system buses. 

HRQ (Hold Request) 

Requests control of the system bus. The fiPD8237A 
issues this signal in response to software requests 
or DRQ inputs from peripherals. 

DACK0-DACK3 (DMA Acknowledge Output) 

These lines indicate an active channel. They are 
sometimes used to select a peripheral. Only one 
DACK may be active at any time. All DACK lines are 
inactive unless DMA has control of the bus. The 
polarity of these lines is programmable; however, 
reset initializes them to active low. 



EOP (End of Process) 

EOP signals that DMA service has been completed. 
When the word c ount of a channel becomes zero, the 
/iPD8237A pulses EOP low to notify the peripheral that 
DMA service Is complete. The peripheral may pull EOP 
low to prematurel y end DMA service. Internal or ex- 
ternal receipt of EOP causes the currently active 
channel to end service, set its TC bit in the status 
register, and reset its request bit. If the channel is pro- 
grammed for autoinitlalization, the current registers 
are updated from the base registers. Otherwise, the 
channel's mask bit is set and the contents of the 
register are unaltered. 

EOP Is output when TC for cha nnel 1 occurs during 
memory-to-memory transfers. EOP applies to the 
channel with an activ e DA CK. When DACK0-DACK3 
are inactive, external EOPs are ignored. 

Use of an external pull-up resis tor of 3.3 kfi or 4.7 kfl 
is recommended. This pin (EOP) cannot sink the cur- 
rent passed by a 1 kQ or 4.7 kQ pull-up. 

RESET 

Clears the command, status, request, and temporary 
registers, the first/last flip flop, and sets the mask 
register. The fiPD8237A is in idle state after a reset. 

CS (Chip Select) 

The CPU uses CS to select the tiPD8237A as an I/O 
device during an I/O read or write by the CPU. Th|s 
provides CPU communication on the data bus. CS 
may be held low during mul tiple tra nsfers to or from 
the nPD8237A as long as I/OR or l/OW is toggled 
following each transfer. 

READY 

This signal can extend memory read and write pulses 
for slow memories or I/O peripherals. 

CLK (Clock) 

Controls internal operations and data transfer rate. 

AEN (Address Enable) 

This signal allows the external latch to output the 
upper address byte by disabling the system bus dur- 
ing DMA cycles. Use HLDA and AEN to deselect I/O 
peripherals that may be erroneously accessed during 
DMA transfers. The <iPD8237A deselects itself during 
DMA transfers. 
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ADDSTB (Address Strobe) 

This signal strobes tlie upper address byte form D0-D7 
into an external latch. 



I/OW (I/O Write) 



MEMR (Memory Read) 

This signal accesses data from a specified memory 
location during memory-to-peripheral or memory-to- 
memory transfers. 



MEMW (Memory Write) 

This signal writes data to a specified memory loca- 
tion during peripheral-to-memory or memory-to 
memory transfers. 

iTOR (I/O Read) 

In the idle state, this signal is an input control line 
used by the CPU to read cont rol re gisters. In the ac- 
tive state, the hPD8237A uses I/OR as an output con- 
trol signal to access data from a peripheral during a 
DI\^A write. 



In the idle state, the CPU uses I/OW, as an input con- 
trol signal to load information to t he )nPD 8237A. In the 
active state, the fiPD8237A uses I/OW as an output 
control signal to load data to a peripheral during a 
DMA read. 

The rising edge of WR must follow each data byte 
transfer in ord er for the CPU to write to the jiPD8237A. 
Holding I/OW low while toggling CS does not produce 
the same effect. 

Pin 5 

Pin 5 is always tied high. 

Vcc 

Power supply. 

GND 

Ground. 



Block Diagram 



EOP 

RESET 

CS 

READY 

CLK 

AEN 

A DDSTB 

MEMR 

MEMW 

JTOR 

I/OW 



DRQ0-DRQ3 

HLDA 

HRQ 

DACK0-OACK3 



Timing 
Control 



Decrementor 



Temp Word 
Count Register 



INC/Decrementor 



Temp Address 
Register 



Read Buffer 



Initial 



I Initial 

Address ! ^°"', 
Count 



Priority 
Encoder 

and 

Rotating 

Priority 

Logic 



Command 
Register 



c 



Mask /\- 
Register \- 



Request /u. 
Register \(- 



Read/Write Buffer 



Current | Current 
Address j Word 



It 



S 



Internal DaTa Bus 



C: 



A0-A3 



Output 
Buffer 



i> 



TV 



Mode 
Registers 



Status 
Register 



7T 



IZ 



c 



D0-D7 , 



Temporary 
Register 



1 
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Functional Description 

The /iPD8237A has three basic control logic blocks, 
as shown in the block diagram. The connmand con- 
trol block decodes commands issued by the CPU to 
the )iPD8237A before DMA requests are serviced. It 
also decodes the mode control word of each channel. 
The timing control block generates the external con- 
trol signals and the internal timing. The priority en- 
coder block settles priority contentions among chan- 
nels simultaneously requesting service. 

DMA Operation 

The mPD8237A operates in two states: idle and active. 
Each of these is made up of several smaller states 
equal to one clock cycle. The inactive state, S1, is 
entered when there are no pending DMA requests. The 
controller is inactive in SI, but the CPU may program 
it. SO is the initial state for DMA service; the )l(PD8237A 
requests a hold, but the CPU has not acknowledged. 
Transfers may begin upon acknowledgement from the 
CPU. The normal working states of DMA service are 
S1, S2, S3, and S4. If more time is needed for a 
transfer, a wait state, SW, can be inserted using the 
READY line. 

A memory-to-memory transfer requires read-from- 
memory and write-to-memory operations. The states 
S11, S12, S13, and S14 provide the read-from opera- 
tion. S21, S22, S23, and S24 provide the write-to part 
of the transfer. The byte is stored in the temporary 
register between operations. 

Idle State 

When there are no pending service requests, the 
|iPD8237A is in_the idle state; more specifically, in S1, 
DRQ lines and CS are sampled to determine requests 
for DMA service and CPU attempts to inspect or 
modify the registers of the fiPD8237A, respectively. 
The CPU can read or write to the registers when CS 
and HLDA are low. A0-A3 are used as inputs t o the 
jjPD8237A and select the registers affected. The I/OR 
and l/OW lines select and time the reads and writes. 
An internal flip-flop generates an additional address 
bit which determines the upper or lower byte of the 
address and Vv'ord count registers. This flip-flop can 
be reset by master clear, reset, or a software 
command. 

When CS and HLDA are low (program phase), the 
/iPD8237A can execu te special software commands. 
When CS and l/OW are active, the commands are 
decoded as addresses and do not use the data bus. 



Active State 

When a channel requests service while the /iPD8237A 
is in idle state, the ^jPD8237A outputs an HRQ to the 
CPU and enters the active state. DMA service takes 
place in the active state, in one of the four modes 
described below. 

DRQ is held active only until the corresponding DACK 
goes active when a single transfer is performed. If 
DRQ is held active for a longer period, HRQ will 
become inactive after each transfer, become active 
again, and a one-byte transfer will be made after each 
rising edge of HLDA. This assures a full machine cy- 
cle between DMA transfers in 8080A/8085A systems. 
Timing between the j:iPD8237A and other bus control 
protocols depends on the CPU being used. 

Blocl( Transfer Mode 

In this mode, the ):/PD8237A m akes transfers uniti it 
encounters a TC or an external EOP. Hold DRQ active 
only until DACK goes active. The channel will au- 
toinitialize at the end of the DMA service if it has been 
programmed to do so. 

Demand Transfer Mode 

in this mode, the ):/PD8237A mak es tra nsfers until it 
encounters a TC or an external EOP, or until DRQ 
becomes inactive. This allows the device requesting 
service to stop the transfers by sending DRQ inactive. 
The device can resume service by making DRQ active. 
The current address and current word count registers 
may be examined during the time between services 
when the CPU is allowed to operate. Autoinitialization 
can occur only after a TC or EOP at the end of the 
DMA service. After an autoinitialization, there must 
be an active-going DRQ edge to begin new DMA 
service. 

Cascade Mode 

In this mode, you can expand your system by 
cascading several )nPD8237As together. Connect the 
HLDA and HRQ signals from the additional 
fiPD8237As to the DRQ and DACK signals of a chan- 
nel of the initial )nPD8237A. This scheme allows the 
additional devices to send the DMA requests through 
the priority resolution circuitry of the preceding 
device, preserving the priority chain and forcing the 
device to wait its turn to acknowledge requests. The 
cascade channel in the initial device does not output 
any address or control signals because its only func- 
tion is that of assigning priorities. The juPD8237A 
responds to DRQ with DACK, but all outputs except 
HRQ are disabled. 
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Figure 1 shows two fiPD8237As cascaded into two 
channels of another one, forming a two-level DMA 
system. You could add more devices at the second 
level by using the leftover channels of the first level; 
likewise, you could add more devices to form a third 
level by cascading into the channels of the second 
level. 

Transfers 

There are three types of transfers that can be per- 
formed by the three active transfer modes: r ead, write, 
and verify. Read transfers activate MEMR and l/OW 
to move mem ory d ata to an I/O device. Write transfers 
activate I/OR and MEMW to move data from an I/O 
device to memory. Verify transfers are not really 
transfers; the /iPD8237A goes through the motions of 
a transfer but the memory and I/O lines are not active. 

Figure 1. Two-Level DMA System 
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Memory-to-Memory Transfers 

Use block transfer mode for memory-to-memory 
transfers. Mask out channels and 1, and initialize 
the channel word count to the same value as chan- 
nel 1. Setting bit CO of the command register to 1 
makes channels and 1 operate as memory-to- 
memory transfer channels. Channel is the source 
address, channel 1 is the destination address, and the 
channel 1 word count is used. Initiate the memory-to- 
memory transfer by setting a DMA request for chan- 
nel 0. You can write a single source word to a block 
of memory when channel is programmed for a fixed 
sour ce address. The fiPD8237A responds to external 
EOF signals during thes e tran sfers, but no DACK out- 
puts are active. The EOF input may be used 
by data comparators doing block searches to end ser- 
vice when a match is found. 



Autoinitialization 

A channel may be set for autoinitialize by program- 
ming a bit in the mode register. Autoinitialize restores 
the original values of the current address and current 
word count registers from the initial address and in- 
itial word count registers of that channel. The CFU 
loads the current and initial registers simultaneous^ 
ly and they are unchanged through DMA service. EOF 
does not set the mask bit when the channel is in 
autoinitialize. The channel can repeat Its service 
following autoinitialize without CFU intervention. 

Priority Resolution 

Two software-selectable priority resolution schemes 
are available on the /^FD8237A: fixed priority and 
rotating priority. In the fixed priority scheme, priority 
is assigned by the value of the channel number. Chan- 
nel 3 is the lowest priority and channel is the highest 
priority. 

In the rotating priority scheme, the channel that was 
just serviced assumes the lowest priority and the 
other channels move up accordingly. This guarantees 
that a device requesting service can be adcknowl- 
edged after no more than three other devices have 
been serviced, preventing any channel from 
monopolizing the system. 



Highest 



-Service 
- Request 



The highest priority channel is selected on each 
active-going HLDA edge. Once service to a channel 
begins, it cannot be interrupted by a request from a 
higher priority channel. A higher priority channel gets 
control only when the lower priority channel releases 
HRQ. The CPU gets bus control when control passes 
from channel to channel, ensuring that a rising HLDA 
edge can be generated to select the new highest 
priority request. 

Transfer Timing 

If, you can cut transfer timing, by compressing the 
transfer time to two clock periods. Since state 3 (S3) 
extends the access time for the read pulse, you can 
eliminate S3, making the width of the read pulse equal 
to the write pulse. A transfer is then made up of S2 
to change the address and S4 to perform the read or 
write. When the address lines Ag-A^s need to be up- 
dated, S1 states occur. 




8-19 



p(PD8237A 



SEC 



Generating Addresses 

The eight MSBs of the address are multiplexed on the 
data lines. These bits are output to an external latch 
during S1, after which they can be placed on the ad- 
dress bus. The falling edge of ADDSTB loads the bits 
from the data lines to the latch. AEN places the bits 
on the address bus. The eight LSBs of the address are 
directly output on lines A0-A7 to the address bus. 

Sequential addresses are generated during block and 
demand transfer mode operations because they in- 
clude several transfers. Often, data in the external ad- 
dress latch does not change; it changes only when 
a carry or borrow from A7 to As occurs in the se- 
quence of addresses. S1 states are executed only 
when As-A-is need to be updated. In the course of 
lengthy transfers, S1 states may be executed only 
once every 256 transfers. 

Registers 

Table 1 summarizes the registers of the j^PD8237A. 

Table 1. Register Summary 



Register 


No. 


Bits 


Current address registers 


4 


16 


Current word count registers 


4 


16 


Initial address registers 


4 


16 


Initial word count registers 




16 


Command register 




8 


Mode registers 




6 


Request register 




4 


Mask register 




4 


Status register 




8 


Temporary register 




8 


Temporary address register 




16 


Temporary word count register 




16 



Current Address Register. There is a current address 
register for each channel. This register holds the ad- 
dress used for DMA transfers; the address is in- 
cremented or decremented after each transfer and the 
intermediate values are stored here during the 
transfer. The CPU writes or reads this register in 8-bit 
bytes. An autoinitialize restores this register to its in- 
itial value. 

Current Word Count Register. There is a current word 
count register for each channel. Program this register 
with the value of the number of words to be transfer- 
red, minus one. The word count is decremented after 
each transfer and intermediate values are stored in 
this register during the transfer. A TC is generated 
when the word count is zero. The CPU writes or reads 
this register in 8-bit bytes during program phase. An 
autoinitialize restores this r egiste r to its initial value. 
After an internally generated EOP, the contents of this 
register with be FFFFH. 

initial Address and Initial Word Count Registers. 

There is an initial register and an initial word count 
register for each channel. The initial values of the 
associated current registers are stored in these 
registers. The values in these registers are used to 
restore the current registers at autoinitialize. During 
DMA programming, the CPU writes the initial registers 
and the corresponding current registers at the same 
time, in 8-bit bytes. Intermediate values in the current 
registers are overwritten if you write to the initial 
registers while the current registers contain in- 
termediate values. The CPU cannot read the initial 
registers. 
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Table 2. 


Word Count and Address Register Command Codes 












Signals 






Internal 
Fllp-Flop 




Channel 


Operation CS i/OR l/OW A3 Aj 


Ai 


Ao 


D0-D7 



Current 

word count read 



Initial & current 
address write 






1 
1 
























1 


A0-A7 
A8-A15 


Current 
address read 










1 
1 




















1 


A0-A7 

A8-Ai5 


Initial & current 
word count write 






1 
1 


















1 
1 




1 


W0-W7 
W8-W15 



W0-W7 
Wg-Wis 



Initial & current 
address write 






1 

1 




















1 


A0-A7 
A8-A15 


Current 
address read 










1 
1 
















1 


A0-A7 
A8-A15 


Initial & current 
word count write 






1 
1 














1 
1 




1 


W0-W7 
W8-W15 


Current 

word count read 










1 
1 










1 
1 




1 


W0-W7 
W8-W15 



2 


Initial & current 
address write 



























A0-A7 
A8-A15 




Current 
address read 



























A0-A7 
A8-A15 




Initial & current 
word count write 




















1 
1 





W0-W7 
W8-W15 




Current 

word count read 




















1 
1 





W0-W7 
W8-W15 


3 


Initial & current 
address write 

























A0-A7 
A8-A15 




Current 
address read 

























A0-A7 
A8-A15 




Initial & current 
word count write 


















1 
1 





W0-W7 
W8-W15 




Current 

word count read 


















1 
1 





W0-W7 
W0-W15 



Command Register. The CPU programs this register 
during program phase. The register can be cleared 
with reset. 



4 



Memory-to-memory disable 

1 Memory-to-memory enable 

Channel address hold disable 

1 Channel address hold enable 
X If bit = 



Controller enable 

1 Controller disable 

Normal Timing 

1 Compressed Timing 
X If bit =1 

Fixed Priority 

1 Rotating Priority 

Late write 

1 Extended write 
X If bit 3 = 1 

DRQ active high 

1 DRO active low 



DACK active low 

1 DACK active high 
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Mode Register. There is a mode register associated 
\N\\\\ eacfi ciiannel. Wlien tlie CPU writes to this 
register during the program phase, bits and 1 deter- 
mine on which channei mode register the operation 
is performed. 



00 Channel 

01 Channel 1 

10 Channel 2 

1 1 Channel 3 

00 Verify transfer 

01 Write transfer 

1 Read transfer 

11 Illegal 

XX If bits 6 and 7 = 11 

Disable autolnltialize 

1 Enable autolnltialize 



Address increment 

1 Address decrement 

00 Demand mode 

01 Single mode 

10 Block mode 

1 1 Cascade mode 



Request Register. This register allows the jiPD8237A 
to respond to DMA requests from software as well as 
hardware. There is a bit pattern for each channel in 
the request register. These bits can be prioritized by 
the priority resolving circuitry and are not masl<abie. 
Each bit is set or reset under soft ware control or 
cleared when TC or an external EOF is generated. A 
reset clears the entire register. The correct data word 
is loaded by software to set or reset a bit. 

Software requests receive service only when the chan- 
nel is in block mode. The software request for chan- 
nel should be set at the beginning of a memory-to- 
memory transfer. 



1 M M M M 






NA 










( 



00 Channel 

01 Channel 1 

10 Channel 2 

1 1 Channel 3 



Reset request bit 

1 Set request bit 



IVIasl( Register. There is a masl< bit for each channei 
which can disable an incoming DRQ. If the channel 
is not set for autoinitializ e, ea ch mask bit is set when 
its channel produces an EOF. Each bit can be set or 
cleared under software control. Reset clears the 
register. This disallows DMA requests until they are 
permitted by a clear mask register instruction. 



00 Channel masl< bit 

01 Channel 1 mask bit 

10 Channel 2 mask bit 

1 1 Channel 3 mask bit 



Clear mask bit 

1 Set mask bit 



You may also write all four bits of the mask register 
with a single command. 



Clear Channel mask bit 

1 Set Channel mask bit 



Clear Channel 1 mask bit 

1 Set Channel 1 mask bit 



Clear Channel 2 mask bit 

1 Set Channel 2 mask bit 



Clear Channel 3 mask bit 

1 Set Channel 3 mask bit 



Status Register. The status register indicates which 
channels have made DMA requests and which chan- 
nels have reached TC. Each time a channel reaches 
TC, including after autoinitialization, bits 0-3 are set. 
Status read and reset clear these bits. Bits 4-7 are set 
when a channel is requesting service. The CFU can 
read the status register. 



L 



1 Channel TC 
1 Channel 1 TC 
1 Channel 2 TC 
1 Channel 3 TC 

1 Channel DMA request 
1 Channel 1 DMA request 
1 Channei 2 DmA request 
1 Channel 3 DMA request 
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Temporary Register. The temporary register holds 
data during memory-to-memory transfers. The CPU 
can read the last word moved when the transfer is 
complete. This register always contains the last byte 
transferred in a memory-to-memory transfer unless 
cleared by a reset. 

Software Commands 

There are two software commands that can be ex- 
ecuted in the program phase. These commands are 
independent of data on the data bus. 

Clear First/Last Flip-Flop. You may issue this com- 
mand before reading or writing any word count or ad- 
dress information. It allows the CPU to access 
registers, addressing upper and lower bytes correct- 
ly by initializing the flip-flop to an identifiable state. 

Master Clear. This command produces the same 
effect as reset. It clears the command, status, request, 
temporary, and internal first/last flip-flop registers, 
sets the mask register, and causes the ;iPD8237A to 
enter idle state. 

Table 3 illustrates address codes for the software 
commands. 



Table 3. 


Software Command Codes 


A3 A2 


Ai 


Ao 


I/OR 


l/OW 


(1) Operation 


1 











1 


Read status register 


1 








1 





Write to command register 


1 





1 


1 





Write to request register 


1 


1 





1 





Write a masl< register bit 


1 


1 


1 


1 





Write to mode register 










1 





Ciear byte pointer fiip-flop 







1 





1 


Read temporary register 







1 


1 





Master clear 




1 


1 


1 





Write all mask register bits 




1 








1 


Ciear IWasl< register 



Note: 

(1) All other bit combinations are illegal. 

Application Example 

Figure 2 shows an application using the f/PD8237A 
with an 8088. The fiPD8237A sends a hold request to 
the CPU whenever there is a valid DMA request from 
a peripheral device. The7iPD8237A takes control of 
the address, data, and control buses when the CPU 



Figure 2. i^PD8237A DMA Controller Application with 8088 CPU 
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replies with an HLDA signal. The address for the first 
transfer appears in two bytes: the eight LSBs are out- 
put on A0-A7 and the eight MSBs are output on the 
data bus pins. The contents of the data bus pins are 
latched to the 8282 to make up the 16 bits of the 
address bus. Once the address is latched, the data 
bus transfers data to or from a memory location or 
I/O device, using the control bus signals generated 
by the mPD8237A. 

AC Characteristics Supplementary 
Information 

All AC timing measurement points are 2.0 V for high 
and 0.8 V for low, for both inputs and outputs. The 
loading on the outputs is one TTL gate plus 100 pF 
of capacitance for the data bus pins, and one TTL gate 
plus 50 pF for all other outputs. 

Recovery time between successive read and write in- 
puts must be at least 400 ns. I/O or memory write 
pulse widths will be Tcy-100 ns for normal DMA 
transfers and 2 Tcy-100 ns for extended cycles. I/O or 
memory reads will be 2 Tcy-50 ns for normal reads 
and TcY-50 ns for compressed cycles. Tdqi and Tdq2 
are measured on two different levels: Tdqi at 2.0 V, 
Tdq2 at 3.3 V with a 3.3 kfi pull-up resistor. DREG and 
DACK are both active high and low. DREQ must be 
held in the active state (user defined) until DACK is 
returned from the fiPD8237A. The AC waveforms 
assume these are programmed to the active high 
state. 

Absolute Maximum Ratings 

Ta = 25''C 



Capacitance 

Ta = 25°C 



Ambient temperature under bias, 
Tqpt 


0°C to +70<'C 


Storage temperature, Tstg 


-65°Cto +150°C 


Voltage on any pin with respect to 
Ground, Vcc 


-0.5V to +7V 


Power dissipation, Pp 


1.5W 



Comment: Exposing the device to stresses above those listed in 
.Absolute Maximum Ratings could cause permanent damage. The 
device Is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
DSriods may affect Hfiyjce reliabilitv. 



Limits 


Unit 


Test 


Parameter Symbol MIn Typ(i) Max 


Conditions 


Output capacitance Cq 4 8 


pF 


fc = 1.0 IViHz, 


Input capacitance C| 8 15 


pF 


inputs = V 


I/O capacitance Ciq 10 18 


pF 





Note: 

(1) Typical values measured at Ta = 25°C, nominal processing 
parameters, and nominal Vqc- 

DC Characteristics 

Ta = 0°Cto +70°C;Vcc = +5V ± 5% 





Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


Typd) 


Max 


Conditions 


Output high 


VOH 


2.4 






V 


Iqh = -200 t^ 


voltage 


3.3 






V 


Iqh = -100 ^lA 
(HRQ only) 


Output low 
voltage 


Vol 






0.45 


V 


Iql = 2.0 mA 
(Data bus) 

Iql = 3.2 mA 
(Other outputs) 


input high 
voltage 


VlH 


2.0 




Vcc 

+ 0.5 


V 




Input low voltage 


VlL 


-0.5 




0.8 


V 




Input load 
current 


lu 






±10 


mA 


OV rs V|N 
rSVcc 


Output leal<age 
current 


Ilo 






±10 


mA 


0.45 ^ Vqut 

<. Vcc 


Vcc supply 


Ice 




65 


130 


mA 


Ta = +25% 


current 




75 


150 


mA 


Ta = ooc 



Note: 

(1) Typical values measured at Ta = 25°C, nominal processing 
parameters, and nominal Vcc- 



8-24 



NEC 



/iPD8237A 



AC Characteristics 

DMA (Master) Mode 

Ta = 0°C to +70°C; Vcc = 5V ± 5%; Vss = V 





Symbol 


Limits 






Parameter 


MIn Typ 


Max 


Unit 


AEN high from CLK low (S1) 
delay time 


Uel 




200 


ns 


AEN low from CLK high (81) 
delay time 


tAET 




130 


ns 


ADR active to float delay from 
CLK high 


Ufab 




90 


ns 


READ or WRITE float from CLK 
high 


tAFC 




120 


ns 


DB active to float delay from 
CLK high 


Ufdb 




170 


ns 


ADR from READ high hold time 


Uhr 


tcY-100 




ns 


DB from ADDSTB low hold time 


Uhs 


30 




ns 


ADR from WRITE high hold time tAHW 


tcY-50 




ns 


DACK valid from CLK low delay 
time 


tAK 




170 


ns 


EOP high from CLK high delay 
time 


tAK 




170 


ns 


EOP low to CLK high delay time 


tAK 




100 


ns 


ADR stable from CLK high 


USM 




170 


ns 


Data bus to ADDSTB low setup 
time 


tASS 


100 




ns 


Clock high time (transitions 
<, 10 ns) 


tCH 


80 




ns 


Cloci< low time (transitions 
^ 10 ns) 


tCL 


68 




ns 


CLK cycle time 


tCY 


200 




ns 


CLK high to READ or WRITE 
low delay (1) 


toCL 




190 


ns 


READ high from CLK high (S-4) tocTR 
delay time C) 




190 


ns 


WRITE high from CLK high 
(S-4) delay time(i) 


'dctw 




130 


ns 


HRQ valid from CLK high delay 
time (2) 


tpQI 
tDQ2 




120 
120 


ns 
ns 


EOP low from CLK low setup 
time 


tEPS 


40 






EOP pulse width 


tEPW 


220 




ns 


ADR float to active delay from 
CLK high 


tpAAB 




170 


ns 


READ or WRITE active from 
CLK high 


tFAC 




150 


ns 





Symbol 


Limits 






Parameter 


MIn Typ 


Max 


Unit 


Data bus float to active delay 
from CLK high 


tFADB 




200 


ns 


HLDA valid to CLK high setup 
time 


tHS 


75 




ns 


Input data from IWEMR high 
hold time 


tjDH 







ns 


Input data to IVIEMR high setup 
time 


tjDS 


170 




ns 


Output data from MEI\/IW high 
hold time 


tQDH 


10 




ns 


Output data valid to IVIEiWW 
high 


tODV 


125 




ns 


DRQto CLK low (SI, S4) setup 
time 


tQS 







ns 


CLK to READY low hold time 


tRH 


20 




ns 


READY to CLK low setup time 


tfiS 


60 




ns 


ADDSTB high from CLK high 
delay time 


tSTL 




130 


ns 


ADDSTB low from CLK high 
delay time 


tSTT 




90 


ns 



Note: 

(1) Net l/OW or IVIEMW pulse width for nor mal w rit e is toy — "100 
ns and tcy— 100 ns for extended write. Net I/OR or MEMR pulse 
width for normal read to 2tcY— 50 ns and tcy— 50 ns for compress- 
ed read. 

(2) Tdqi is measured at 2.0 V. toQa is measured at 3.3 V. An exter- 
nal pullup resistor of 3.3n connected from HRQ to Vcc 's assum- 
ed for tDQ2- 
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AC Characteristics (cent) 

Peripheral Mode 

Ta = 0°C to +70°C; Vcc = 5 V ± 5%; Vss = V 



AC Testing Input/Output Waveform 





Symbol 


Limits 




Parameter 


MIn Typ 


Max Unit 


ADR valid or CS low to READ 
low 


Ur 


50 


ns 


ADR valid to WRITE tiigh setup 
time 


Uw 


150 


ns 


CS low to WRITE high setup 
time 


tew 


150 


ns 


Data valid to WRITE high setup 
time 


tow 


150 


ns 


ADR or CS hold from READ high 


tRA 





ns 


Data access from READ lowC) 


tRDE 




140 ns 


Data bus float delay from READ 
high 


tRDF 





70 ns 


Power supply high to RESET 
low setup time 


tRSTD 


500 


ns 


RESET to first I/OR or l/OW 


tRSTS 


2tcY 


ns 


RESET pulse width 


Irstw 


300 


ns 


READ width 


tRW 


200 


ns 


ADR from WRITE high hold time 


%A 


20 


ns 


CS high from WRITE high hold 
time 


two 


20 


ns 


Data from WRITE high hold time 


%D 


30 


ns 


Write width 


twws 


160 


ns 



Am: 



LiA. 



Inputs are driven at 2.4V for logic 1 and 0.45V for logic 
0. These timing measurements are made at 2.0V for 
logic 1 and 0.8V for logic 0. A transition time of 20 ns 
or less is assumed for input timing parameters. 
Unless noted, output loading is 1 TTL gate plus 50 pF 
capacitance. 



Note: 

(1) Data bus output loading is 1 TTL gate plus 100 pF capacitance. 
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Timing Waveforms 

Slave Mode Write 



\ 



X 



X 



Input Valid 



Input Valid 



Note: 

(1) You must time successive read or write operations by tlie CPU to allow at least 400 ns 
recovery time for the |jPD8237 between read and write puises. 



r 



twc 

(1) 



X 



X 



Slave Mode Read 



\ 



A0-A3 



X 



Address Must Be Valid 



V 



c 



Note: 

(1) You must time successive read or write operations by the CPU to aiiow at least 400 ns 
recovery time for the ^PD8237 between read and write pulses. 



/ 



X 



tRA 

(1) 



./ 



Data Out Valid 



> 
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Timing Waveforms (cont) 

DMA Transfer 
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^s 



Address Valid 
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/" 



H 



^ 



'See Note 2, AC Characteristics, DMA Mode 
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Timing Waveforms (cont) 

Memory-to-Memory Transfer 



/ 
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Address Valid 



(SKffiX^Z^' 
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Address Valid 
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Timing Waveforms (cont) 

Ready 



/\ 



\. .r 



\ 



Extencled_ 
Write 



\_AV^^Vv^\ 



/ 



/ 
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Compressed Transfer 
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Timing Waveforms (cont) 

Reset 
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//PD8243/H 

INPUT/OUTPUT EXPANDER 

F0R//PD8048 FAMILY 



Description 

The //PD8243 and /yPD8243H input/output expander is 
directly compatible with the//PD8048 family of single- 
chip microcomputers. Using NMOS technology the 
//PD8243 provides high drive capabilities while re- 
quiring only a single +5 V supply voltage. 

The |uPD8243 interfaces to the /iPD8048 family through a 
4-blt I/O port and offers four4-blt bidirectional static I/O 
ports. The ease of expansion allows for multiple 
JI/PD8243S to be added using the bus port. 

The bidirectional I/O ports of the /nPD8243 act as an ex- 
tension of the I/O capabilities of the /iPD8048 micro- 
computer family. They are accessible with their own 
ANL, MOV, and ORL instructions. 

Another version, )nPD8243H, has less total output 
current sinking capability than jiPD8243 but is other- 
wise identical. 

Features 

n Four4-bit I/O ports 

D High output drive 

D Ijogical AND and OR directly to ports 

D Compatible with industry standard 8243 

D Direct extension of resident /iPD8048 I/O ports 

D Fully compatible with ^PD8048 microcomputer 

family 
D NMOS technology 
D Single -f5V supply 



Pin Configuration 



Ordering information 




Part 
Number 


Package Type 


/iPD8243C 


24-pin plastic DIP 


f^PD8243HC 


24-pin plastic DIP 




Pin Identification 



No. 


Symbol 


Function 


1, 21-23 


P50-P53 


4-bit I/O port 5 


2-5 


P4o-P43 


4-bit I/O port 4 


6 


CS 


Chip select input 


7 


PROG 


Clock Input 


8-11 


P20-P23 


4-bit I/O CPU interface port 2 


12 


GND 


Ground 


13-16 


P70-P73 


4-blt I/O port 7 


17-20 


P60-P63 


4-bit I/O port 6 


24 


Vdd 


-1-5 V power supply 


Absolute Maximum Ratings 

Ta = 25°C 


Power supply voltage, Vqd (to ground) - 0.5 to -(-7 V 


Operating temperature, Tqpt 


0to-H70°C 


Storage temperature, Tstg 


-65to-^150°C 


Power dissipation, Pq 


LOW 




Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device Is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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Pin Functions 

P2o-P23(Port2) 

A 4-bit bidirectional port wliich contains the I/O port 
address and instruction code on a high to low transition 
of PROG. During a low to high transition of PROG, port 2 
contains either the data for a selected output port if a 
write operation, or the data from a selected output port 
(before a low to high transition) if a read operation. Data 
on port 2 may be directly written, read, ANDed, or ORed 
with previous data. 

P4o-P43(Port4) 

A 4-bit i/O port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

P5o-P53(Port5) 

A 4-bit I/O port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

P6o-P63(Poil6) 

A 4-bit I/O port. May be programmed for input (during 
read), low Impedance latched output (after write), or 
high impedance (after read). 

Biocic Diagram 



P7o-P73(Port7) 

A 4-bit I/O port. May be programmed for input (during 
read), low impedance latched output (after write), or 
high impedance (after read). 

CS (Chip Select) 

Chip select input. A high on CS inhibits any change of 
output or internal status. 

PROG (Clock Input) 

A high to low transition on PROG indicates that the op- 
code and the addressed port information are available 
on port 2. A low to high transition indicates that data is 
available on port 2. 

Ground 

Ground. 

Vdd (Power Supply) 

-1-5 V power supply input. 



Input 
Buffer 



And/Or 
Logic 



Temp 



/ 4 ) Multiplexer ^ 



J^ 




Prog 



t) 



Instruction 
Decoder 



I 



input 
Buffer 



Reset 
Circuit 



Address 
Decoder 



Input 
Buffer 
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DC Characteristics 

TA = 0°Cto +70°C;Vdd= +5V±10% 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


lyp 


Max 


Conditions 


Input voltage 
high 


V|H 


2 




Vdd+0.5 


V 




Input voltage 
low 


V|L 


-0.5 




+0.8 


V 




Output voltage 
high (port 4-7) 


V0H1 


2.4 






V 


IOH=-240/iA 


Output voltage 
high (port 2) 


V0H2 


2.4 






V 


IOH=-100fM 


Output voltage 
low (port 4-7) 


V0L1 






0.45 


V 


IOL = 5mA, 
(Note 1) 


Output voltage 
low (port 7) 


V0L2 






1 


V 


IOL=20mA 


Output voltage 
low (port 2) 


Vols 






0.45 


V 


IOL=0.6mA 



SumofallloL Iql 
from 16 outputs 
(Notel) 



100 mA 



(8243) 5 mA 
each pin 









80 


mA 


(8243H)5mA 
each pin 


Input leakage 
current (port 
4-7) 


l|L1 


-10 


20 


/^ 


V|N = VDDt0 0V 


Input leakage 
current (port 2, 
CS, PROG) 


l|L2 


-10 


10 


HA 


V|N=VDDto0V 


Vdd supply 
current 


Idd 


10 


16 


mA 





Note: 

(1) Refer to graph of current sinking capability. 



AC Characteristics 

TA = 0°CtO +70<»C,Vdd= +5V±10% 





Symbol 




Umito 




Unit 


Test 


Parameter 


Min 


TVp 


Max 


Conditions 


Code valid 
before PROG 


tA 


100 






ns 


80 pF load 


Code valid after 
PROG 


tB 


60 






ns 


20 pF load 


Data valid before 
PROG 


tc 


200 






ns 


80 pF load 


Data valid after 
PROG 


to 


20 






ns 


20 pF load 


Port 2 floating 
after PROG 


tH 







150 


ns 


20 pF load 


PROG negative 
pulse width 


tK 


700 






ns 




Ports 4-7 valid 
after PROG 


tpo 






700 


ns 


100 pF load 


Ports 4-7 valid 
before /after 
PROG 


t|P 


100 






ns 




Port 2 valid after 
PROG 


Ucc 






650 


ns 


80 pF load 


CS valid 
before /after 
PROG 


tcs 


50 






ns 





Current Sinking Capability 



i 100 

< 

O 50 

j£ 
c 

55 

f 25 






\ 


^ 


N 


s. 
































^s 


\ 


\ 


































N 


\ 


s 
































\ 


\ 
































1 


\ 










8 9 10 11 12 13 14 15 16 



Maximum Sink Current At Any Pin (Vol = 0.4V) 
lUaximum Iol Worst Case Pin In mA. 



Note: 



This curve plots the guaranteed worst case current sinking capability 
of any I/O port line versus the total sink current of all pins. The 
j^PD8243 is capable of sinking 5 mA (for Vql = 0.4 V) through each 
of the 16 I/O lines simultaneously. The current sinking curve 
shows how the individual I/O line drive increases if all the I/O 
lines are not fully loaded. 
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Timing Waveform 



Prog 



J( 



X 



X 



-»ACC- 



X 



X 



Output Valid 



)C 



Previous Output Valid 



X 



Input Valid 
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Functional Description 

The I/O capabilities of the fiPD8048 family can be 
enhanced in four I/O port increments of 4-bits each 
using one or more|iPD8243's. These additional I/O lines 
are addressed as ports 4-7. The following lists the 
operations which can be performed on ports 4-7. 

• Logical AND accumulator to port 

• Logical OR accumulator to port 

• Transfer port to accumulator 

• Transfer accumulator to port 

Port 2 (P2o-P23) forms the 4-bit bus through which the 
;iPD8243 communicates with the host processor. The 
PROG output from the fiPD8048 family provides the 
necessary timing to the juPD8243. There are two 4-bit 
nibbles involved in each data transfer. The first nibble 
contains the opcode and port address followed by the 
second nibble containing the 4-bit data. Multiple 
hPD8243's can be used for additional I/O. The output 
lines from the juPD8048 family can be used to form the 
chip selects for additional ^PD8243's. 



Power On Initialization 

Applying power to the /iPD8243 sets ports 4-7 to the 
high impedance mode and port 2 to the input mode. The 
state of the PROG pin at power on may be either high or 
low. The PROG pin must make a high to low transition in 
order to exit from the power on mode. The power on 
sequence is initiated any time Vqd drops below 1V. 
Table 1 following shows how the first 4-bit nibble of a 
data transfer instruction is decoded. 



Table 1. Port 2 Instruction Decoding 






P23 P22 


Instruction Code 


P2l 


P2o 


Address Code 





Read 








Poll 4 


1 


Write 





1 


Ports 


i 


ORLD 


1 





Ports 


1 1 


ANLD 


1 


1 


Port 7 



For example, an 0010 appearing on P23-P20, 
respectively would result in a read of port 6. 
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Read Mode 

There is one read mode in the juPD8243. A falling edge 
on the PROG pin latches the opcode and port address 
from Input port 2. The port address and read operation 
are then decoded causing the appropriate outputs to be 
high impedance and the input buffers switched on. The 
rising edge of PROG terminates the read operation. The 
port (4, 5, 6, or 7) that was selected by the port address 
(P2i-P2o) is returned to the high impedance mode, and 
port 2 is switched to the input mode. 

Generally, in the read mode a port will be an input and In 
the write mode it will be an output. If during program 
operation, the ^PD8243's modes are changed, the first 
read pulse Immediately following a write should be 
ignored. The subsequent read signals are valid. 
Reading a port will then force that port to a high 
impedance state. 

Write Modes 

There are three write modes In the |nPD8243. The MOVD 
Pp, A instruction from the mPD8048 family writes the 
new data directly to the specified port (4, 5, 6, or 7). The 
old data previously latched at that port Is lost. The 
ORLD Pp,A Instruction performs a logical OR between 
the new data and the data currently latched at the 
selected port. The result is then latched at that port. The 
final write mode uses the ANLD Pp, A instruction. It 
performs a logical AND between the new data and the 
data currently latched at the specified port. The result is 
latched at that port. 

The data remains latched at the selected port following 
the logical manipulation until new data Is written to that 
port. 
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//PD8251A/AF 

PROGRAMMABLE COMMUNICATIONS 

INTERFACE (USART) 



Description 

TheMPD8251A and /LiPD8251AF Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) are de- 
signed for microcomputer systems data communica- 
tions. The USART is used as a peripheral and is 
programmed by the 8085A or other processor to com- 
municate in commonly used serial data transmission 
techniques including IBM Bi-Sync. The USART receives 
serial data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters from 
the processor in parallel format, convert them to serial 
format, and transmit. The USART will signal the proces- 
sor when it has completely received or transmitted a 
character and requires service. Complete USART status 
including data format errors and control signals such as 
TxE and SYNDET, is available to the processor at any 
time. 

Features 

D Asynchronous or synchronous operation 

— Asynchronous: 
-Five 8-bit characters 

-Clock rate — 1, 16, or 64 x baud rate 
-Break character generation 
-Select 1, Vh, or 2 stop bits 
-False start bit detector 
-Automatic break detect and handling 

— Synchronous: 
-Five 8-bit characters 

-Internal or external character synchronization 

-Automatic sync insertion 

-Single or double sync characters 
D Baud rate (1x mode) — DC to 64K baud 
D Full-duplex, double buffered transmitter and 

receiver 
D Parity, overrun and framing flags 
D Fully compatible with 8085A//iPD780 (Z80® ), etc. 
D All inputs and outputs are TTL-compatible 
D Single +5 V supply, ±10% 
D Separate device receive and transmit TTL clocks 
D NMOS technology 



Pin Configuration 



Ordering information 




Part 
Number 


Package IVpe 


Max Frequency 
of Operation 


MPD8251AC 


28-Pin plastic DIP 


3/5IV1HZ 


MPD8251AFC 


28-Pin plastic DIP 


3/5MHZ 




Pin identification 



No. 


Symbol 


Function 


1, 2, 27, 28, 5-8 


D7-D0 


Data bus buffer 


26 


Vdd 


Vdd supply voltage 


4 


GND 


Ground 


21 


RESET 


Reset 


20 


CLK 


Clock pulse 


10 


WR 


Write data 


13 


RD 


Read data 


12 


C/D 


Control /data 


11 


CS 


Chip select 


22 


DSR 


Data set ready 


24 


dTr 


Data terminal ready 


23 


rTs 


Request to send 


17 


cTs 


Clear to send 


15 


TxRDY 


Transmitter ready 


18 


TxE 


Transmitter empty 


9 


TxC 


Transmitter clock 


19 


TxD 


Transmitter data 


14 


RxRDY 


Receiver ready 


25 


m 


Receiver clock 


3 


RxD 


Receiver data 


16 


SYNDET /BD 


Sync detect /break detect 




Z80 is a registered trademark of Zilog, Inc. 
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Pin Functions 

Data Bus Buffer 

An 8-bit, 3-state bi-directional buffer used to interface 
the USAFTT to the processor data bus. Data is transmit- 
ted or received by the buffer in response to input/output 
or read /write instructions from the processor. The data 
bus buffer also transfers control words, command 
words, and status. 

Vdd Supply Voltage 

-f5V supply 

Ground 

Ground 

Read /Write Control Ljogic 

This logic block accepts inputs from the processor con- 
trol bus and generates control signals for overall USART 
operation. The mode instruction and command instruc- 
tion registers that store the control formats for device 
functional definition are located in the read /write con- 
trol logic. 

Reset 

A "one" on this input forces the USART into the "Idle" 
mode where it will remain until reinitialized with a new 
set of control words. Minimum RESET pulse width is 
6tcY- 

Clock Pulse 

The CLK input provides for internal device timing and is 
usually connected to the phase 2 (TTL) output of the 
jiPB8224 clock generator. External inputs and outputs 
are not referenced to CLK, but the CLK frequency must 
be at least 30 times the receiver or transmitter clocks in 
the synchronous mode and 4.5 times for the asynchron- 
ous mode. 

Write Data 

A "zero" on this input instructs the USART to accept the 
data or control word which the processor is writing out 
on the data bus. 



Read Data 

A "zero" on this input instructs the USART to place the 
data or status information onto the data bus for the 
processor to read. 

Control /Data 

The control/data input, in conjunction with theWR and 
RD inputs, informs the USART to accept or provide ei- 
ther a data character, control word, or status informa- 
tion via the data bus. = Data; 1 = Control. 

Chip Select 

A "zero" on this input enables the USART to read from or 
write to the processor. 

Modem Control 

The jLiPD8251A/51AF have a set of control inputs and 
outputs which may be used to simplify the interface to a 
modem. 

Data Set Ready 

The data set ready input ca n be t ested by the processor 
via status information. The DSR input is normally used 
to test the modem data set ready condition. 

Data Terminal Ready 

The data terminal read y out put can be controlled via the 
command word. The DTR output is normally used to 
drive modem data terminal ready or rate select lines. 

Request to Send 

The request to send output can be controlled via the 
command word. The RTS output is normally used to 
drive the modem request to send line. 

Clear to Send 

A "zero" on the clear to send input enables the USART 
to transmit serial data if the TxEN bit in the command 
Instruction register is enabled (one). 
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Transmit Control Logic 

The transmit control logic accepts and outputs all exter- 
nal and internal signals necessary for serial data trans- 
mission. 

Transmitter Ready 

Transmitter ready signals the processor that the trans- 
mitter is ready to accept a data character. TxRDY can be 
used as an interrupt or may be tested through the status 
information for polled operation. Loading a character 
from the processor automatically resets TxRDY, on the 
leading edge. 

Transmitter Empty 

The transmitter empty output signals the processor 
that the USART has no further characters to transmit. 
TxE is automatically reset upon receiving a data charac- 
ter from the processor. In half-duplex, TxE can be used to 
signal the end of a transmission and request the proces- 
sor to "turn the line around." The TxEn bit in the com- 
mand instruction does not effect TxE. 

In the synchronous mode, a "one" on this output indi- 
cates that a sync character or characters are about to be 
automatically transmitted as "fillers" because the next 
data character has not been loaded. 

Transmitter Cloclc 

The transmitter clock controls the serial char acter 
transmission rate. In the asynchronous mode, the TxC 
frequency is a multiple of the actual baud rate. Two bits 
of the mode instruction select the multiple to be 1x, 16x, 
or 64x the baud rate. In the synchronous mode, the TxC 
frequency is automatically selected to equal the actual 
baud rate. 

Note that for both synchronous and asynchronous 
modes, serial data is shifted out of the USART by the 
falling edge of TxC. 

Transmitter Data 

The transmit control logic outputs the composite serial 
data stream on this pin. 

Receiver Control Logic 

This block manages all activities related to incoming 
data. 



Receiver Ready 

The receiver ready output indicates that the receiver 
buffer is ready with an "assembled" character for input 
to the processor. For polled operation, the processor 
can check RxRDY using a status read or RxRDY can be 
connected to the processor interrupt structure. Note 
that reading the character to the processor automati- 
cally resets RxRDY. 

Receiver Clock 

The receiver clock determines the rate at which the in- 
coming c harac ter is received. In the asynchronous 
mode, the RxC frequency may be 1, 16 or 64 time s the 
actual baud rate, but in the synchronous mode the RxC 
frequency must equal the baud rate. Two bits in the 
mode instruction select asynchronous at 1x, 16x, or 64x 
or synchronous operation at 1x the baud rate. 

Unlike T3<C, data i s sam pled by the mPD8251A/51AF on 
the rising edge of RxC. (Note 1) 

Receiver Data 

A composite serial data stream is received by the re- 
ceiver control logic on this pin. 

Sync Detect/ Break Detect 

The /iiPD8251A/51AF may be programmed through the 
mode instruction to operate in either the internal or ex- 
ternal sync mode; the SYNDET/BD pin then functions 
as an output or input respectively. In the internal sync 
mode, the SYNDET output will go to a "one" when the 
juPD8251A/51AF has located the SYNC character in the 
receive mode. If double SYNC character (bi-sync) opera- 
tion has been programmed, SYN DET will go to "one" in 
the middle of the last bit of the second SYNC character. 
SYNDET is automatically reset to "zero" upon a status 
read or RESET. In the external SYNC mode, a "zero" to 
"one" transition on the SYNDET input will cause the 
j:iPD8251A/51AF to star t ass embling data character on 
the next falling edge of RxC. The length of the SYNDET 
input should be at least one RxC period, but may be re- 
moved once theMPD8251A/51AF is in SYNC. 
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In the asynchronous mode, the SYNDET/BD pin func- 
tions as a break detect. The BD output will go high when 
a word of all zeros is received. This word consists of: 
start bit, data bits, parity bit, and one stop bit. Reset only 
occurs when Rx data returns to a logic one state or upon 
chip reset. The state of break detect can be read as a 
status bit. 

Note: 

(1) Since the(iPD8251A/51AF will frequently be handling both the recep- 
tion and transmission for a given link, the receive and transmit baud 
rates will be the same. RxC and TxC then require the same frequency 
and may be tied together and connected to a single clock source or 
baud rate generator 
Examples: 

If the b aud rate equals 110 (Async): 
RxC orTxC equals 110 Hz (1x) 
RxC or TxC equals 1.76 kHz (16x) 
RxC or TxC equals 7.04 kHz (64x) 
If the b aud rate equals 300: 
RxC or TxC equals 300 Hz (1x) A or S 
RxC orTxC equals 4800 Hz (16x) A only 
RxC or TxC equals 19.2 kHz (64x) A only 



Absolute Maximum Ratings 

Ta = 25°C 



Power supply voltage, Vdo 


-0.5Vto-i-7V 


Input voltage, V| 


-0.5Vto+7V 


Output voltage, Vq 


-0.5Vto-i-7V 


Operating temperature, Topt 


-0°Cto+70°C 


Storage temperature, Tstg 


-65°Cto-)-l50°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 

TA = 25°C,Vcc = GND = 0V,fc = 1.0IVIHz 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVp 


Max 


Conditions 


Input 
capacitance 


C|N 






10 


PF 


(Note 1) 


I/O 
capacitance 


C|0 






20 


PF 


(Note 1) 



Note: 

(1) All unmeasured pins returned to GND. 



Blocic Diagram 



a Data A \ I \ 
Bus ( ) ) 

Buffer \j / I y/ 



RESET - 
CLK- 
C/D- 
RD - 
WR- 

CS- 

DSR- 
DTR- 

cfs- 

RTS-" 



Read Write 
Control 
Logic 



IModem 
Control 



u 



Internal 
Data Bus 



Transmit 
Buffer 
(P-S) 



Transmit 
Control 



Receive 
Buffer 
'S.»t 



Receive 
Control 



- TxRDY 

-TxE 

-TxC 



■ RxRDY 

-RxC 

-SYNDET/BD 
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DC Characteristics 

TA = 0°CtO+70°C,Vcc=+5V±10%,GND 



= 0V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


iMax 


Conditions 


Input voltage 
low 


V|L 


-0.5 




+0.8 


V 




Input voltage 
high 


V|H 


2 




Vcc 


V 




Output voltage 
low 


Vol 






+0.45 


V 


piPD8251: 
l0L=1-7nnA 
p(PD8251A: 
IOL=2.2mA 


Output voltage 
high 


VOH 


2.4 






V 


^PD8251: 
IOH=-100^,A 
^(PD8251A: 
l0H= -400 mA 



Output float Iqfl 
leakage current 



±10 nA VouT= 0.45 V 











10 


^ 


0.45V<VouT< 

Vcc 


Input load 
current 


.l|L 






10 


^ 


0.45V<V|N<Vcc 


Power supply 
current 


Ice 






100 


mA 


All outputs = 
logic 1 


AC Characteristics 

Ta = 0°C to +70°C, Vcc = 5 V ± 10% 


GND = 


:0V 






Symbol 




Limits 








MPD8251A 


fjPD8251AF 


Test 


Parameter 


Min 


Max 


Min 


Max 


Unit Conditions 


Read 


Address stable 
before RD,(CS, 
CD) 


Ur 


50 









ns (Note?) 


Address hold 
time for RD, 
(CS, CD) 


tRA 


50 









ns (Note?) 


RD pulse width 


tRR 


250 




200 




ns 


Data delay from 
RD 


tRD 




250 




140 


ns MPD8251A; 
Cl=150pF, 
(Note 8) 


RD to data 
floating 


tOF 


10 


100 


10 


80 


ns 



Testing Input, Output Waveform 



Input/Output 






-SKT 



A.C. Testing: Inputs Are Driven At 2.4 V For A Logic "1" And 
0.45 V For A Logic "0". Timing Measurements Are lUade At 2.0 V 
For A Logic "1" And 0.8 V For A Logic "0". 





Symbol 




Limits 








^PD8251A 


^PD8251AF 


Test 


Parameter 


Min 


Max 


Min 


Max 


Unit Conditions 


Write 


Address stable 
before WR 


^AW 


50 









ns 


Address hold 
time for WR 


%A 


50 









ns 


WR pulse width 


tww 


250 




200 




ns 


Data set-up time 
forWR 


tow/ 


150 




100 




ns 


Data hold time 
forWR 


%D 


30 









ns 


Recovery time 
between WR's 


Irv 


6 




6 




tcY (Note 2) 


Other Timing 


Clock period 


tCY 


0.32 


1.35 


0.20 


1.35 


^s (Note 3) 


Clock pulse 
width high 


t^w 


140 


tCY-90 


?0 


tCY-40 


ns 


Clock pulse 
width low 


^W 


90 




40 




ns 


Clock rise and 
fall time 


tR.tp 


5 


20 


5 


20 


ns 


TxD delay from 
falling edge of 
TxC 


tOTx 




1 




1 


MS 


Rx data set-up 
time to sampling 
pulse 


tSRx 


2 








MS 


Rx data hold 
time to sampling 
pulse 


^HRx 


2 








MS 




Transmitter input fjx 
clock frequency 



64 DC 64 kHz 1x baud rate 

310 DC 310 kHz 16x baud 
rate 







615 


DC 


615 


kHz 64x baud 
rate 


Transmitter input tjpw 


12 




12 


tCY 


1x baud rate 


clock pulse 
width 


1 




1 


tCY 


16x and 64x 
baud rate 


Transmitter input tjpQ 


15 




15 


tCY 


1x baud rate 


clock pulse 
delay 


3 




3 


<CY 


16x and 64x 
baud rate 
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AC Characteristics (cent) 





Limits 






HPD8251A MPD8251AF 
Min iHax iHIn Max 


Test 
Unit Conditions 


other Timing (com) 



Receiver input fRx 
clock frequency 



64 DC 64 kHz 1x baud rate 



310 DC 310 



kHz 16x baud 
rate 









615 


DC 


615 


kHz 64xbaud 
rate 


Receiver input 


tfiPW 


12 




12 




tcY 1x baud rate 


clock pulse 
vi^idth 


1 




1 




tcY 16xand64x 
baud rate 


Receiver input 


^RPD 


15 




15 




tcY 1x baud rate 


clock pulse 
delay 


3 




3 




tCY 16xand64x 
baud rate 


TxRDY delay 
from center of 
data bit 


tTx 




8 




8 


tcY (Note 9) 


TxRDY ; from 
leading edge of 
WR 


^TxRDY 
CLEAR 








300 


ns (Note 9) 


RxRDY delay 
from center of 
data bit 


Irx 




24 




20 


tCY 


Internal SYNDET 
delay from 
center of data bit 


t|S 




24 






tCY (Note 9) 


RxRDY i from 
leading edge of 
RD 


IRxRDY 
CLEAR 








300 


ns (Note 9) 



External Ies 

SYNDET set-up 
time before 
fallin g edge of 
RxC 



tcY (Note 9) 







Limite 




Parametor Symbol 


^PD8251A |iPD8251AF 
Min Max Min Max 


Test 
Unit Conditions 


Otiier Timing (cent) 


TxEIVIPTY delay tjxE 
from center of 
data bit 




20 20 


tcY (Note 9) 


Control delay twc 
from rising edge 
ofWR(TxE, 
DTR, RTS) 




8 8 


tcY (Note 9) 


Control to RD tcR 
set-up time 
(DSR, CTS) 


20 


20 


tcY (Note 9) 



Note: 

(1) AC timing measured at Vqh = 2.0 V, Vql = 0.8 V, and with test load cir- 
cuit below. 

(2) This recovery time is for initialization only, when MODE, SYNC1, 
SYNC2, COMMAND and first DATA BYTES are written into the 
ySART Subsequent writing of both COMMAND and DATA are only 
allowed when TxRDY = 1. 

(3) The TxC and RxC frequencies have the following limitations with 
respect to CLK: 

For 1x baud rate, f-rx or f rx < 1 (30 X^y) 

For 16x and 64x baud rate, f jx or f |:ix< 1 (4.5 Icy) 

(4) Reset pulse width = 6 tcYfninimum. 

(5) tTxRDYCCR -2\c\ +^+ tp + 200 ns 

(6) tRxRDYCCR- 2tcY + t^ + tR + 170 ns 

(7) Chip Select (CS) and Command/Data (C/D) are considered as 
addresses. 

(8) Assumes that address is valid before Rq ^■ 

(9) Status update can have a miximum delay of 28 clock periods from 
the event affecting the status. 



Test Load C/rcuft 



Typical A Output Delay Versus A Capacitance 










/- 






^ 


< 




/ 


^Spec 




/ 


^ 







A CAPACITANCE (pF) 
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Timing Waveforms 

System Clock Input 




Transmitter Clock and Data 



TxCdxMode) 



TxC(16xMode) 



£ 



"A 



VlAA/\AAAAAAAAAAAA/JVVAAAAAAAA/V\AAAAAA. 



dE 



iDTX 



yn 



Receiver Clock and Data 



7^ 



RxC(1xMode) 
Rl<C(16xMode) 

Int Sampling 
Pulse 



^(Rx Baud Counter Starts Here) start Bit / 



-tRPW- 



8 R X C Periods 
(ISxMode) 



-tRPD- 



V 



- 16 R X C Periods (16x Mode)- 



Vi\/V\AAAA.VV\AAAA/^AAAAAAAAjVV\AAAAAAAA_ 



-3tcY 



X 



Write Data Cycle (Processor -* US ART) 



/ 



\ 



* — A It X ROY Clear 

•* *-tww-* u 



M tow 4* — H 'WD 

Don't Care . i i . Don't Care 
Data In (D.B.) \ Data Stable ! 



1_ Jl 



t 



tAW* 



♦tWA 



> 



Read Data Cycle (Processor -^ US ART) 



V 



Data Out (D.B.) 



X 



\ 



tRxRDY Clear 

— tRR 



* 



± 



i ^ Data Out Active 



P 



tDF 
Data Float 



:t= 
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Timing Waveforms (cont) 



Write Control or Output Port Cycle 
(Processor-* USART) 



(Note1) 



DTR, RTS 



Data In (D.B.) 



X 



trj' 



—twc- 



etDW 4* — » 









Note 1. twc includes the response timing of a control byte. 



Read Control or Input Port Cycle 
(Processor*- USART) 



(Note1) 
DTR, RTS y ' 



•-tRD 



Data Out (D.B.) 



^ 



:f 



^ 






Note 1. tcR includes the effect of CTS on the T x ENBL circuitry. 

83-003872A 



Transmitter Control and Flag Timing (Async Mode) 



Tx Empty 




■Vm]0OQ(7V)Q00OQ0(7~VXXXXXX](7' 

DataCharl DataChar2 DataCharS 



Example Format = 7 Bit Character with Parity and 2 Stop Bits. 



o T- C4 m ^ 
Data Char 4 

mm 

•C B 



8-46 



SEC 



)L(PD8251A/AF 



Timing Waveforms (cont) 

Receiver Control and Flag Timing (Async Mode) 



(nPD8251A/AF) 



Overrun Error 
(Status Bit) . 



^1— ... 



•« Data ' ^ 



cn\: 



Wr R X En t 

wR \y~~ 



V 



Char 2 
Lxist 



Z 



\y^ 



tl^ 



Rd Data 

Wr ERR Rst 
"A/ 



ly 



"vxxxxxxxrsznxxxxxfvmLQQtT' V 



rt 



v 



Example Format = 7 Bit Character with Parity and 2 Stop Bits. 



Transmitter Control and Flag Timing (Sync Mode) 




\xnm]oooooooooaoooooooQOOOocnnxi7-T--\ ^y-r^xrooccccca^^- 



Sync 



Sync 



Par Par 

Data 



Spacing 
State 



Example Format = 5 bit Character with Parity and 2 Sync Characters 



Char 2 Char1 Char 2 Char 3 Char 4 iMarking 



Marking Data Sync 

State Chars Char 
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Timing Waveforms (cont) 

Receiver Control and Flag Timing (Sync Mode) 



r 



SYNDET (S,B) ' 



Overrun 
Error (S.B.) . 



R. RDY (Pin) . 




Sync 
Charl 



J\ 



Data Char 2 



/T V(Note2)/ \ 



ata 

r3 






V/" 



/\ 



Rd Status 



^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^El 



PAR PAR PAR PAR PAR PAR 
rj: Char Assy Begins 

f Exit Hunt Mode Exit Hunt IMode 

I— Set SYNC DET Set SYNDET (Status Bit) 



111 Char Assy I II 

I Set SYNDET (Stal 



Set SYNDET (Status Bit) 



Notes: (1) internal sync, 2 sync characters, 5 bits, with parity. 
(2) External sync, 5 bits, with parity. 



p(PD8251AF Enhancements 



fjPD8251A 



MPD82S1AF 



A previously loaded data character will be retransmitted if Tx was disabled 
before TxEMPTY by TxEnable •!■ or CTS t , and Is re-enabled by TxEnable t or 
CTS •!■ before a new data character is sent to f<PD8251A by the CPU. 



A previously loaded character will be flushed out and not transnnitted on CTS \ 
or TxEnable t . 



Break detect does not always reset upon RxData returning to a '1' during the 
last bit of the character following the break. Break detect will latch up, and the 
device must be cleared by device reset. 



Break detect will reset on RxData going to '1' 



On TxEnable \ or CTS t during the first character of a double-character sync 
output, the second sync character will not be output. 



I output both sync characters on TxEnable I or CTS t . 



If the status register is read during a status update, an erroneous status read 
may result. 



Some valid status (either new or old) will always be available. 



In Rx mode, a hardware or software reset does not force asynchronous mode, 
clear hunt condition, or require a proper line Initialization (1 to transition) 
before receiving. This may cause reception of garbage characters. 



Reset will clear Rx hunt condition, force asynchronous operation (64x clock), 
and require a proper line initialization before receiving anything. 



Break detect will occur on the first complete (start bit to stop bit) break. This 
situation could be confused with a null frame (all zeros) that also has a 
framing error. 



Will give a framing error at the end of the first complete or partial break and 
will give a break detect at the stop bit position of the second contiguous break 
character. 



bync aeiect aoes not reset on siaius reau. 



Sync detect will reset on status read 



RxRDY clears within 2tcY's of RD leading edge. 



RxRDY will clear on RD leading edge. 



TxEMPTY oscillates with internal clock when TxEnable \ or CTS t . 



TxEMPTY will not oscillate this way. 



TxRDY and TxEMPTY clear on WR trailing edge (data). 



TxRDY TxEMPTY will clear on WR leading edge. 



Enter hunt command affects asynchronous Rx by loss of data characters. 



Enter hunt will not affect asynchronous operation. 



Writing a command will sometimes clear TxRDY or TxEMPTY if C / [3_set up or 
hold is marginal. Reading status will sometimes clear RxRDY if C/ D set up or 
hold is marginal. 



C / D set up and hold margin will be improved . 
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^PD8251AF Enhancements (cont) 


MPD82S1A 


piPD82S1AF 


Rx data overrun error will not occur and garbage data may result if RD and CS 
are active during an internal data update. 


Will indicate an overrun error properly. 


In asynchronous mode, after a reset, the first TxD bit may be shifted out on 
either the first or second TxC 1 edge. 


The first TxD bit will be shifted out on the first TxC i edge. 


RxRDY can glitch when CLK does not have a fixed phase relationship to RxC. 


RxRDY will not glitch. 


The receiver occasionally gives an extra character following the end of breal< 
condition. 


No extra characters will occur. 



Functional Description 

The ;^PD8251A/51AF Universal Synchronous/ 
Asynchronous Receiver/Transmitters are designed 
specifically for8085A microcomputer systems but work 
with most 8-bit processors. Operations of the 
)nPD8251A/51AF, like other I/O devices in the 8085A 
family, are programmed by system software for 
maximum flexibility. 

In the receive mode, the ^PD8251A/51AF converts 
incoming serial format data into parallel data and 
makes certain format checks. In the transmit mode, it 
formats parallel data into serial form. The device also 
supplies or removes characters or bits that are unique 
to the communication format in use. By performing 
conversion and formatting services automatically, the 
USART appears to the processor as a simple or 
"transparent" input or output of byte-oriented parallel 
data. 

'H'utli Table 



txPD8251A/51AF Interface to 8085A Standard System 
Bus 



C/D 


RD 


WR 


CS 


MODE 








1 





hPD8251A/51AF^ 
Data bus 





1 








Data bus -» 
^(PD8251A/51AF 


1 





1 





Status -* Data bus 


1 


1 








Data bus -* Control 


X 


X 


X 


1 


Data bus — 3-state 


X 


1 


1 





Data bus -* 3-state 



Transmit Buffer 

The transmit buffer receives parallel data from the data 
bus buffer via the internal data bus, converts parallel to 
serial data, inserts the necessary characters or bits 
needed for the programmed communication format and 
outputs composite serial data on the TxD pin. 



1 


1 






Address Bus 




Ao 






\ 






Control Bus 








l/OR 


l/OW 


RESET 


♦2 
(TTL) 




r 






Data Bus 


\ 










-^ 


8 
■~nX 


^ ■ ' J 


3-0038776 


c;d 


CS 


D7 Do RD WR RESET CLK 
8251AyAF 






8 



Receive Buffer 

The receive buffer accepts serial data input at the RxD 
pin and converts the data from serial to parallel format. 
Bits or characters required for the specific com- 
munication technique in use are checked and then an 
eight-bit "assembled" character is readied for the 
processor. For communication techniques which 
require fewer than eight bits, the juPD8251A/51AF set 
the extra bits to "zero". 

Operation 

A set of control words must be sent to the 
/^PD8251A/51AF to define the desired mode and 
communications format. The control words will specifiy 
the baud rate factor (1x, 16x, 64x), character length (5 to 
8), number of STOP bits (1, VI2, 2) asynchronous or 
synchronous mode, SYNDET (IN or OUT), parity, etc. 

After receiving the control words, the juPD8251A/51AF 
are ready to communicate. TxRDY is raised to signal the 
processor that the USART is ready to receive a 
character for transmission. When the processor writes 
a character to the USART, TxRDY is automatically reset. 

Concurrently, the /HPD8251A/51AF may receive serial 
data; and after receiving an entire character, the RxRDY 




8-49 



iL(PD8251AIAF 



SEC 



output is raised to indicate a completed cliaracter is 
ready for tlie processor. Tlie processor fetch will 
automatically reset RxRDY. 

Note: 

The ^*PD8251A/51AF may provide faulty RxRDY for the first read after 
power-on or for the first read after receive Is re-enabled by a command 
instruction (RxE). A dummy read is recommended to clear faulty 
RxRDY. But this is not the case for the first read after hardware or 
software reset after the device operation has once been established. 

The nPD8251A/51AF cannot transmit until the TxEN (trans mitter 
enable) bit has been set by a command instruction and until the GTS 
(clear to send) input is a "zero". TxD is held in the "marking" state after 
reset awaiting new control words. 

USART Programming 

The USART must be loaded with a group of two to four 
control words provided by the processor before data 
reception and transmission can begin. A RESET 
(internal or external) must immediately proceed the 
control words which are used to program the complete 
operational description of the communications 
interface. If an external RESET is not available, three 
successive 00 Hex or two successive 80 Hex command 
instructions (C/D = 1) followed by a software reset 
command instruction (40 Hex) can be used to initialize 
theMPD8251A/51AF. 

There are two control word formats: 

1. Mode Instruction 

2. Command Instruction 

Mode Instruction 

This control word specifies the general characteristics 
of the interface regarding the synchronous or 
asynchronous mode, baud rate factor, character length, 
parity, and number of stop bits. Once the mode 
instruction has been received, SYNC characters or 
command instructions may be inserted depending on 
the mode instruction content. 

Command Instruction 

This Gont.i'o! word will be interpreted as a SYNC 
character definition if Immediately preceded by a mode 
instruction which specified a synchronous format. 
After the SYNC character(s) are specified or after an 
asynchronous mode instruction, all subsequent control 
words will be interpreted as an update to the command 
instruction. Command instruction updates may occur 
at any time during the data block. To modify the mode 
instruction, a bit may be set in the command instruction 
which causes an internal reset which allows a new 
mode instruction to be accepted. 



Typical Data Block 



CD = 1 
CD = 1 
CD = 1 
CD = 1 

CD = 0: 
CD = 1 

cD = o: 

CD = 1 




1 SYNC IMode 
1 Only(l) 


83-003878A 


Mode Instruction 


Sync Character 1 


Sync Character 2 


Command Instruction 


Data 


Command Instruction 


Data 


Command Instruction 





Mode Instruction Definition 

The f.iPD8251A/51AF can operate in either asynchron- 
ous or synchronous communication modes. Under- 
standing how the mode instruction controls the 
functional operation of the USART is easiest when the 
device is considered to be two separate components 
(one asynchronous and the other synchronous) which 
share the same support circuits and package. Although 
the format definition can be changed at will or "on the 
fly," the two modes will be explained separately for clar- 
ity. 

Asynchronous Transmission 

When a data character is written into /:iPD8251A/51AF, 
the USART automatically adds a start bit (low level or 
"space") and the number of stop bits (high level or 
"mark") specified by the mode instruction. If parity has 
been enabled, an odd or even parity bit is inserted just 
before the stop bit(s), as s peci fied by the mode instruc- 
tion. Then, depending on CTS and TxEN, the character 
may be transmitted as a serial data stream at the TxD 
output. D ata i s shi fted out by the falling edge of TxC at 
TxC, TxC/16 or TxC/64, as defined by the mode instruc- 
tion. 

If no data characters have been loaded into the 
fiPD8251A/51AF, or if all available characters have been 
transmitted, the TxD output remains "high" (marking) in 
preparation for sending the start bit of the next charac- 
ter provided by the processor. TxD may be forced to send 
a break (continuously low) by setting the correct bit in 
the command Instruction. 
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Mode Instruction Format for Asynchronous Mode 



Dr 


De 


Ds 


D4 


D3 


D2 


Di 


Do 






S2 


Si 


EP 


PEN 


L2 


Li 


B2 


Bi 






























Baud Rate Factor 











1 





1 




















1 


1 














SYNC 
Mode 


(1 X) 


(16 X) 


(64 X) 






Character Length 











1 





1 






















1 


1 
















5 
Bits 


6 
Bits 


7 
Bits 


8 
Bits 






Parity Enabie 
1 Enabie Disabie 
Even Parity Generation/Chec 
1 Even Odd 

Number Of Stop Bits 
















( 



























1 





1 


























1 


1 
















invaiid 


1 
Bit 


11/2 

Bits 


2 
Bits 



TxD iUariting 



Start 
Bit 



Do Di 

_L_L 



Data Bits 

1> — 



Parity 



Stop 
Bits 



Transmitter Output 



Start 
Bit 



Do Di 



Parity 



Stop 
Bits 



L 

L 



Receiver Input 



Processor Byte (5-8 Bits/Char) 

\> 



Data Character 



Assembled Serial Data Output (TxD) 

— \> 



Data Character 

^> 



Parity 



Stop 
Bits 



op 

"^ I 



Transmission Format 



Serial Data Input (RxD) 

— 1> 



Data Character 

^ > 



Parity 
Bit 



Stop 



Processor Byte (S-8 Bits/Char) (3) 

1 \ 



Data Character 

1 ^ 



Receive Format 
Notes: 

(1) Generated by mPD8251A/AF 

(2) Does not appear on the Data Bus. 

(3) If character length is defined as 5, 6, or 7 bits, the unused bits are set to "zero." 
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Asynchronous Receive 

The RxD input line is normally held "high" (marking) by 
the transmitting device. A falling edge at RxD signals 
the possible beginning of a start bit and a new charac- 
ter. The start bit is checked by testing for a "low" at its 
nominal center as specified by the baud rate. If a "low" 
is detected again, it is considered valid, and the bit as- 
sembling counter starts counting. The bit counter lo- 
cates the approximate center of the data, parity (if 
specified), and stop bits. The parity error flag (PE) is set, 
if a parity error occurs. Inp ut bits are sampled at the RxD 
pin with the rising edge of RxC. If a high is not detected 
for the stop bit, which normally signals the end of an in- 
put character, a framing error (FE) will be set. After a 
valid stop bit, the input character is loaded into the para- 
llel data bus buffer of the (iPD8251A/51AF and the 
RxRDY signal is raised to indicate to the processor that 
a character is ready to be fetched. If the processor has 
failed to fetch the previous character, the new character 
replaces the old and the overrun flag (OE) is set. All the 
error flags can be reset by setting a bit in the command 
instruction. Error flag conditions will not stop subse- 
quent USART operation. 

Synchronous Transmission 

As in asynchronous transmission, the TxD output re- 
mains "high" (marking) until the ptPD8251A/51AF re- 
ceive the first character (usually a SYNC character) from 
the processor. After a comm and instruction has set 
TxEN and after clear to send (CTS) goes low, the first 
character is serially transmitted. Data is sh ifted out on 
the falling edge of TxC and the same rate as TxC. 

Once transmission has started, synchronous mode for- 
mat requires that the serial data stream at TxD continue 
at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor before the ptPD8251A/ 
51AF transmit buffer becomes empty, the SYNC charac- 
ter(s) loaded directly following the mode instruction will 
be automatically inserted in the TxD data stream. The 
SYNC character(s) are inserted to fill the line and main- 
tain synchronization until new data characters are avail- 
able for transmission. If the /iPD8251A/51AF become 
empty, and must send the SYNC character(s), the Tx- 
EMPTY output is raised to signal the processor that the 
transmitter buffer is empty and SYNC characters are be- 
gin transmitted. TxEMPTY is automatically reset by the 
next character from the processor. 



Synchronous Receive 

In synchronous receive, character synchronization can 
be either external or internal. If the internal SYNC mode 
has been selected, and the enter hunt (EH) bit has been 
set by a command instruction, the receiver goes into the 
HUNT mode. 

Incomin g dat a on the RxD input is sampled on the rising 
edge of RxC, and the receive buffer is compared with 
the first SYNC character after each bit has been loaded 
until a match is found. If two SYNC characters have 
been programmed, the next received character is also 
compared. When the SYNC character(s) programmed 
have been detected, the )nPD8251A/51AF leave the 
HUNT mode and are in character synchronization. At 
this time, the SYNDET (output) is set high. SYNDET is 
automatically reset by a status read. 

If external SYNC has been specified in the mode in- 
struction, aj^ne" applied to the SYNDET (input) for at 
least one RxC cycle will synchronize the USART. 

Parity and overrun errors are treated the same in the syn- 
chronous as in the asynchronous mode. If not in HUNT, 
parity will continue to be checked even if the receiver is 
not enabled. Framing errors do not apply in the synchro- 
nous format. 

The processor may command the receiver to enter the 
HUNT mode with a command instruction which sets en- 
ter hunt (EH) if synchronization is lost. 

Mode Instruction Format for Synchronous Mode 



D7 De D5 D4 D3 D2 Di Do 



Character Length 



Parity Enable 
-*-(1 Enable) 
(0 Disable) 

Even Parity GeneratioR.'Chec 
-»- 1 Even 
Odd 

External SYNC Detect 
-»-1 SYNDET Is An Input 
SYNDET Is An Output 

Single Character SYNC 
-*■ 1 Single SYNC Character 
b Double SYNC Character 
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Transmit/ Receive Format Synchronous Mode 



Processor Bytes (5-8 Bits Char) 



HV- 



Data Characters 



\> 

Assembled Serial Data Output (T x D) 



SYNC 
Chan 


SYNC 
Char 2 


V> 

Data Characters 

1> 



Transmit Format 



Serial Data Input (RxD) 



SYNC 
Char 1 


SYNC 
Char 2 


<> 

Data Characters 

1> 



Processor Bytes (5-8 Bits Char) (Note 1) 



\> 

Data Characters 



Receive Format 



(1) If character length is defined as 5, 6 or 7 bits, the 
unused bits are set to "zero". 



Command Instruction Format 

After the functional definition of tfie mPD8251A/51AF 
fias been specified by tfie mode instruction and tlie 
SYNC character(s) liave been entered (if in SYNC mode), 
the USART is ready to receive command instructions 
and begin communication. A command instruction is 
used to control the specific operation of the format 
selected by the mode instruction. Enable transmit, 
enable receive, error reset and modem controls are 
controlled by the command instruction. 

After the mode instruction and the SYNC character(s) 
(asjieeded) are loaded, all subsequent "control writes" 
(C/D = 1)will load or overwrite the command instruction 
register. A reset operation (internal via CMD IR or 
external via the RESET input) will cause the 
/iPD8251A/51AF to interpret the next "control write", 
which must immediately follow the reset, as a mode 
instruction. 



Status Read Format 

It is frequently necessary for the processor to examine 
the status of an active interface device to determine if 
errors have occurred or if there are other conditions 
which require a response from the processor. The 
/iPD8251A/51AF have features which allow the 
processor to read the device status at any time. A data 
fetch is Issued by the processor while holding the C/D 
input "high" to obtain device status information. Many 
of the bits in the status register are copies of external 
pins. This dual status arrangement allows the 
jiPD8251A/51AF to be used in both polled and interrupt 
driven environments. Status update can have a 
maximum delay of 28 clock periods in the 
MPD8251A/51AR 

Parity Error 

When a parity error is detected, the PE flag is set. It is 
cleared by setting the ER bit in a subsequent command 
instruction. PE begin set does not inhibit USART 
operation. 

Overrun Error 

If the processor fails to read a data character before the 
one following is available, the OE flag is set. It is cleared 
by setting the ER bit in a subsequent command 
instruction. Although OE being set does not inhibit 
USART operation, the previously received character is 
overwritten and lost. 

Framing Error 

If a valid STOP bit is not detected at the end of a 
character, the FE flag is set (ASYUNC mode only). It Is 
cleared by setting the ER bit in a subsequent command 
instruction. FE being set does not inhibit USART 
operation. 
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Command and Status Register Formats 



De bs D4 D3 D2 Di Do 



Command Register 



m RTS ER SBRK RxE DTR TxEN 



Transmit Enable 
1 = enable 
= disable 



Data Terminal 

Ready 

"high" will force DTR 
output to zero 



Receive Enable 
1 = enable 
= disable 



Send Break 

Character 

1 = forces TxD "low" 

= normal operation 



Error Reset 

1 = reset all error flags 
PE, OE, FE 



Request To Send 

"high" will force RTS 
output to zero 



Internal Reset 

"high" returns USART to 

Mode Instruction Format 



Enter Hunt Mode 

1 = enable search for 

Sync CharactersCi) 



Status Register 



SYNDET 
/BD 



I r 



RxRDY TxRDY 



Same Definitions As i/0 Pins 



Parity Error 

The PE flag is set when a parity 
error is detected, it is reset by 
the ER bit of the Command 
instruction. PE does not inhibit 
operation of the ^PD8251A/AF. 



Oveniin Enror 

The OE flag is set when the CPU 
does not read a character before 
the next one becomes available. 
It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the 
^PD82S1A/AF; but, the previously 
oven'un character Is lost. 



Framing Error (ASYNC only) 
The FE flag Is set when a valid 
Stop bit Is not detected at the 
end of every character. It is 
reset by the ER bit of the 
Command instruciion. FE uu«s 
not inhibit the operation of the 
MPD8251A/AF. 



Notes: 

(1) NO effect in ASYNC mode. 

(2) TxRDY status bit Is not totally equivalent to the TxRDY output pin, the 
relationship is as follows: 

TxRDY status bit = DB Buffer Empty 

TxRDY (pin 15) = DB Buffer Empty • CTS • TjiEn 
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Asynchronous Serial Interface to CRT Terminal, DC to 9600 Baud 



\Z 



iz 



RxD 
TxD 

RlTC 
TlTC 



1 I 



J 



ElAloTTL , 
Converter ■ ' 
(Optional) |— L 



ycD 



Asynchronous Interface to Telephone Lines 



%L 



IZ 



MPD8251A/AF 



RxD 
TxD 
DSR 
DTR 
CTS 
RTS 



RxC 

fSc 
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Synchronous Interface to Terminal or Peripheral Device 



\/ \/ \/. 



RxD 

TxD 

MPD8251A/AF R><C 

SYNDET 






Synchronous 

Tennlnal 

or Peripheral 

Device 



















Synchronous Interface to Telephone Lines 




























83003886B 


7 






Address Bus 




s 
















r 




ControiBus 




i 


















1 




Data Bus 




1 


T 


\/ 


8 


\/ 


' 










RxD 
TxD 

rTc 
t7c 

»<PD8251A;AF SYNDET 
CTi 
RTS 

dsr 

DTR 


Sync 
Modem 


Phone Line 
Interface 










eiep 


hone 










1 








L'^ne 
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PROGRAMMABLE 
INTERVAL TIMER 



Description 

The NEC pPD8253 contains three independent, pro- 
grammable, multi-model 16-bit counter/timers. It is 
designed as a general purpose device, fully compati- 
ble with the 8080 family. The /iPD8253 interfaces 
directly to the buses of the processor as an array of 
I/O ports. 

The /uPD8253 can generate accurate time delays under 
the control of system software. The three independent 
16-bit counters can be clocked at rates from DC to 
5 Ml-lz. The system software controls the loading and 
starting of the counters to provide accurate multiple 
time delays. The counter output flags the processor 
at the completion of the time-out cycles. 

System overhead is greatly improved by relieving the 
software from the maintenance of timing loops. Some 
other common uses for the piPD8253 in microproc- 
essor based systems are: 

• Programmable baud rate generator 

• Event counter 

• Binary rate multiplier 

• Real time clock 

• Digital one-shot 

• Complex motor controller 

Features 

D Three independent 16-bit counters 

D Clock rate: DC to 5 MHz 

D Binary count or BCD 

D Single -i- 5 V power supply, ±10% 



Pin Configuration 




Pin identification 



No. 


Symbol 


Function 


1-8 


D7-D0 


Three-state data bus 


9,15,18 


CLK 0,1,2 


Counter clock inputs 0-2 


10,13,17 


OUT 0,1,2 


Counter outputs 0-2 


11,14,16 


GATE 0,1,2 


Counter gate inputs 0-2 


12 


GND 


Ground 


19,20 


AO.AI 


Counter select 


21 


CS 


Chip select 


22 


RD 


Read counter 


23 


WR 


Write command or data 


24 


Vcc 


+5 V power supply 



E 



Ordering Information 




Part 
Number 


Package Type 


Max Frequency 
of Operatic 


,iPD8253C-2 


24-pin plastic DIP 


5 IVIHz 


^PD8253C-5 


24-pin plastic DIP 


4 MHz 
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Pin Functions 

D7-D0 (Data Bus) 

These pins form a three-state, bidirectional data bus 
that interfaces with the 8080AF/8085 microprocessor 
system. 

CLK 0,1,2 (Counter Clock Inputs 0-2) 

CLK 0, CLK 1, and CLK 2 input the clocl< signai for 
counter 0, counter 1, and counter 2, respectiveiy. 

OUT 0,1,2 (Counter Outputs 0-2) 

OUT 1, OUT 2, and OUT 3 are outputs signais for 
counter 0, counter 1, and counter 2, respectiveiy. 

GATE 0,1,2 (Counter Gate Inputs 0-2) 

The GATE 0, GATE 1, and GATE 2 inputs gate counter 
0, counter 1, and counter 2, respectiveiy. 

GND (Ground) 

Connection to ground. 



Blocic Diagram 



Ao, Ai (Counter Select) 

These inputs are normally connected to the 
processor's address bus. Their function is to select 
which of the three counters will be operated on, and 
to address the control word register for mode 
selection. 

CS (Chip Select) 

A low level input to this pin enables the (iPD8253. 
Reading and writing will not occur unless the device 
is selected. This input has no effect on the actual 
operation of the counters. 

RD (Read Counter) 

A low level input to this pin instructs the fiPD8253 to 
send the selected counter value to the processor. 

WR (Write Command or Data) 

A low level input to this pin instructs the fiPD8253 to 
receive mode information or counter input data from 
the processor. 

Vcc 

+5 V power supply. 



<■ 



;/ BUFFER \j 1/ 



<=> 



-qRD READ/ 
WRITE 
A, LOGIC 



o 



CONTROL 

WORD 
REGISTER 



c 



o 



PROCESSOR PROCESSOR PROCESSOR 

ADDRESS CONTROL DATA 

BUS BUS BUS 



MPD8253-5 
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Functional Description 

The three-state, bidirectional data bus buffer 
interfaces the /iPD8253 to the 8080AF/8085A micro- 
processor system. Data transfer is according to the 
input or output instructions executed by the proc- 
essor. The data bus buffer has three basic functions: 

• Programming the jLiPD8253 modes 

• Loading the count registers 

• Reading the count values 

The read/write logic controls the overall operation of 
the/jPD8253 and is governed by inputs received from 
the processor system bus. 

When Ao and Ai are high level, data from the data bus 
buffer is stored in the control word register. This data 
controls the operational mode of the counters, the 
selection of BCD or binary counting, and the loading 
of the count registers. 

Counters 0, 1, and 2 are identical 16-bit down counters 
that are functionally Independent, allowing for sepa- 
rate mode configurations and counting operations. 
Each counter can operate in either binary or BCD. 
Gate, input, and output line configurations are deter- 
mined by the operational mode data stored in the con- 
trol word register. System software overhead can be 
reduced by allowing the control word to govern the 
loading of the count data. 

It is possible to read the contents of a counter when 
it Is operating, without disturbing its operation. The 
following table shows how the counters are manipu- 
lated by input signals to the read/write logic. 



cs 


RD 


WR 


Al 


Ao 


Function 





1 











Load counter no. 





1 








1 


Load counter no. 1 





1 





1 





Load counter no. 2 





1 





1 


1 


Write mode word 








1 








Read counter no. 








1 





1 


Read counter no. 1 








1 


1 





Read counter no. 2 








1 


1 


1 


No-operation, 3-state 


1 


X 


X 


X 


X 


Disable, 3-state 





1 


1 


X 


X 


No-operation, 3-state 



Absolute Maximum Ratings 




Operating temperature 


0°C to +70°C 


Storage temperature 


-65°C to +150°C 


Voltage on any pin 


-0.5 to +7 volts (1) 



Note: 

(1) With respect to ground. 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

Ta = 25°C; Vcc = GND = V 





Limits 






Test 


Parameter 


Symbol iVIin Typ 1 


Max Unit 


Conditions 


Input capacitance 


C|N 


10 pF 


f( 


; = 1 MHz 


Input/Output 
capacitance 


C|/0 


20 pF 


Unmeasured pins 
returned to Vss 


DC Characteristics 

Ta = 0°C to -i-70°C; Vqc = -^5 V ± 10% 




Limits 


Unit 


Test 


Parameter 


Symboi iVIin TyF 


1 iWax 


Conditions 


Input low voltage 


V|L -0.5 


0.8 


V 




Input high voltage 


V|H (1) 2.0 


Vcc 

+ 0.5 


V 




Output low voltage 


Vol 


0.45 


V 


lOL = 2.2 mA 


Output high voltage 


Vqh 2.4 




V 


lOH = -400 nA 


Input load current 


l|L 


±10 


HA 


< V|N :S Vcc 


Output float 
leal<age current 


lOFL 


±10 


mA 


0.45 <, VouT 
:< Vcc 


Vcc supply current 


Ice 


140 


mA 





E 



Note: 

(1) V|H 2.2 min for fiPD8253-2. 
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AC Characteristics 

Ta = 0°C to +70°C; Vcc = +5 V ±10%; GND = V 


Parameter 


Symbol 


Limits 
fiPD8253-2 

MIn Max 


Limits 
|iPD82S3-5 

MIn Max 


Unit 


Test 
Conditions 


Read 


Address stable before READ 


tAR 


30 









ns 




Address hold time for READ 


tRA 












ns 




READ pulse width 


tRR 


200 




250 




ns 




Data delay from READ 


tRD 




140 




170 


ns 


Cl = 150 pF 


READ to data floating 


tDF 


10 


85 


25 


100 


ns 


Cl = 150 pF 


Recovery time between READS 


tRV 


200 




1000 




ns 




Write 


Address stable before WRITE 


Uw 












ns 




Address hold time for WRITE 


tWA 












ns 




WRITE pulse width 


tww 


160 




250 




ns 




Data set up time for WRITE 


tow 


130 




150 




ns 




Data hold time for WRITE 


tWD 












ns 




Recovery time between WRITES 


'rv 


200 




1000 




ns 




Clock and Gate Timing 


Clock period 


tCLK 


200 




250 


DC 


ns 




High pulse width 


tpWH 


80 




160 




ns 




Low pulse width 


tpWL 


80 




90 




ns 




Gate pulse width high 


tGW 


120 




150 




ns 




Gate set up time to clock t 


tGS 


70 




100 




ns 




Gate hold time after clock t 


^GH 


50 




50 




ns 




Low gate width 


tGL 


120 




100 




ns 




Output delay from Clock i 


tOD 




250 




300 


ns 


Cl = 150 pF 


Output delay from gate 


tODG 




250 




300 


ns 


Cl = 150 pF 



Note: 

(1) AC timing measured at Vqh 



= 2.0 V; Vol = 0.8 V. 



Timing Waveforms 



AC Test Conditions 



XE 






A1, Ao.CS 



id: 



mc 



DATA BUS :$$$$$$i HIGH MPEZ)mC'E'W//y'A 




Write Timing 



HIGH IMPEDANCE 



Ai.Ao.CS )i 






X 




* tAW " 


IWA— »- 


k 


, 


DATA BUS 


): 






K 


k- 


DW— ^ 


-•tWD*- 


WR 1 


\^ 


tww 



Read and Write Timing 
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Timing Waveforms (cont) 

Clock and Gate Timing 



IPWH 
CLK 



.r-\, A^. 



lV_i 



BE 



-tGW- 
tOD-* 




Z^^r 



Programming tlie /iPD8253 

The programmer can select any of the six operational 
iVIODES for the counters using system software. In- 
dividual counter programming is accomplished by 
loading the CONTROL WORD REGISTER with the ap- 
propriate control word data (Aq, Ai = 11). 

Control Word Format 



D7 


De 


l»5 


D4 


D3 


D2 


Di 


Do 


SCi 


SCo 


RLi 


RLo 


M2 


M^ 


Mo 


BCD 



RL — RBatULoad 



RLi 


RLo 










Counter latching operation 


1 





Read/Load most significant byte oniy 





1 


Read/Load ieast significant byte only 


1 


1 


Read/Load least significant byte first, then 
most significant byte 



SC — Select Counter 



sc, 


SCo 










Select counter 





1 


Select counter 1 


1 





Select counter 2 


1 


1 


Invalid 



BCD 



Binary counter, 16-bits 



BCD counter, 4-decades 



M-Mode 



Mz 


Ml 


Mo 













IVIode 








1 


Mode 1 


X 


1 





Mode 2 


X 


1 


1 


Mode 3 


1 








Mode 4 


1 





1 


Mode 5 
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Operational Modes 

Each of the three counters can be individually pro- 
grammed with different operating IVIODES by ap- 
propriately formatted control words. The following is 
a summary of the MODE operations. 

Mode O: Interrupt on Terminal Count 

The initial MODE set operation forces the OUTPUT 
low. When the specified counter is loaded with the 
count value, it will begin counting. The OUTPUT will 

Mode 0: Interrupt on Terminal Count 



remain low until the terminal count sets it high. It will 
remain in the high state until the trailing edge of the 
second WR pulse loads in COUNT data. If data is load- 
ed during the counting process, the first WR stops the 
count. Counting starts with the new count data trig- 
gered by the falling clock edge after the second WR. 
If a GATE pulse is asserted while counting, the count 
is terminated for the duration of GATE. The falling 
edge of CLK following the removal of GATE restarts 
counting from the terminated point. 
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Mode 1: Programmable One-Shot 

The OUTPUT is set low by the falling edge of CLOCK 
following the trailing edge of GATE. The OUTPUT is 
set high again at the terminal count. The output pulse 
is not affected if new count data is loaded while the 
OUTPUT is low. The new data will be loaded on the 
rising edge of the next trigger pulse. The assertion of 
a trigger pulse while OUTPUT is low, resets and retrig- 
gers the one-shot. The OUTPUT will remain low for the 
full count value after the rising edge of TRIGGER. 

Mode 1: Programmable One-Shot 



_nj~LriiTJ~LJiJi_rLrLri_n_riJi_ 



Gate (Trigger) 



Output < 



Gate (Trigger) ■ 



Output ' 
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Mode 2: Rate Generator 

The RATE GENERATOR is a variable modulus 
counter. The OUTPUT goes low for one full CLOCK 
period as shown in the following timing diagram. The 
count data sets the time between OUTPUT pulses. If 
the count register is reloaded between output pulses 
the present period will not be affected. The subse- 
quent period will reflect the new value. The OUTPUT 
will remain high for the duration of the asserted GATE 
input. Normal operation resumes on the falling 
CLOCK edge following the rising edge of GATE. 

Mode 2: Rate Generator 



jiJisisiruiJiJiJiJisiTiri. 

I n = 3 I I n = 4 | 



Output ' 



0(3) 



0(4) 



r 



Rn 1 



Gate (Reset) ■ 



Output ' 



3 2 1 0(3) 2 1 0(3) 2 
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Mode 3: Square Wave Generator 

MODE 3 resembles MODE 2 except the OUTPUT will 
be high for half of the count and low for the other half 
(for even values of data). For odd values of count data 
the OUTPUT. Put will be high one clock cycle longer 
than when it is low (High Period -► ^ ^ - "* clock 
cycles; Low Period — »• ^ J ^ clock periods, where N 
is the decimal value of count data). If the count 
register is reloaded with a new value during counting, 
the new value will be reflected immediately after the 
output transition of the current count. 

The OUTPUT will be held in the high state while GATE 
is asserted. Counting will start from the full count 
data after the GATE has been removed. 



Mode 3: Square Wave G 


enerat 


or 


























CLK 1 


0(4) 


2 0(4) 2 




)(4) J 




D(4) 


2 


)(4) 


2 


3(4) 


2 


0(4) 














HS) 


K5) 


2 




0(5) 


4 2 




)(5) S 




4 


2 


0(5) 


4 


2 








































C 


(4) 


2 


(4) 


2 


(4) 


2 


0(4) 





(4) 


2 






4 2 
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Mode 4: Software Triggered Strobe 

The OUTPUT goes high when MODE 4 is set, and 
counting begins after the second byte of data has 
been loaded. When the terminal count is reached, the 
OUTPUT will pulse low for one clock period. Changes 
in count data are reflected in the OUTPUT as soon as 
the new data has been loaded into the count registers. 
During the loading of new data, the OUTPUT is held 
high and counting is inhibited. 

The OUTPUT is held high for the duration of GATE. 
The counters are reset and counting begins from the 
full data value after GATE is removed. 

Mode 4: Software Triggered Strobe 



CLK 1 - 


n = 4 


— 1 1 — 1 1 — 1 r 


I 








1 








4 


3 


2 


1 t 












n = 4 
































3 






4 


2 1 
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Mode 5: Hardware Triggered Strobe 

Loading MODE 5 sets OUTPUT high. Counting begins 
when count data is loaded and GATE goes high. After 
terminal count is reached, the OUTPUT will pulse low 
for one clock period. Subsequent trigger pulses will 
restart the counting sequence with the OUTPUT puls- 
ing low on terminal count following the last rising 
edge of the trigger input. (Reference the bottom half 
of the timing diagram.) 

Mode 5: Hardware Triggered Strobe 
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JI/PD8255A 

PROGRAMMABLE 

PERIPHERAL INTERFACE 



Description 

The jLjPD8255A-2 and ^PD8255A-5 are general purpose 
programmable input/output devices designed for use 
with the 8080A/8085A microprocessors. Twenty-four 
I/O lines may be programmed in two groups of twelve 
(group I and group II) and used in three modes of 
operation. In the basic mode, (IVIode 0), each group of 
twelve I/O pins may be programmed in sets of 4 to 
input or output. In the strobed mode, (MODE 1), each 
group may be programmed to have 8 lines of input or 
output. Three of the remaining four pins in each group 
are used for handshaking strobes and interrupt 
control signals. The bidirectional bus mode, (MODE 
2), uses the 8 lines of port A for a bi-directional bus, 
and five lines from port C for bus control signals. 

Features 

a Fully compatible with the 8080A/8085 

microprocessor families 
D All inputs and outputs TTL compatible 
n 24 programmable I/O pins 
n Direct bit set/reset eases control application 

interfaces 
D Eight Darlington drive outputs for printers 

and displays 
D LSI drastically reduces system package count 



Pin Configuration 



Ordering information 




Part Number Package type 


Max System 
Clock Frequency 


fiPD8255AC-2 40-pin plastic DIP 


5 MHz 


^PD8255AC-5 40-pin plastic DIP 


4 MHz 



PA3C 


1 ^ 


y 40 


DPA4 




PA2C 2 


39 


DPA5 




PAiC 


3 


38 


DPAe 




PAoC 


4 


37 


DPA7 




RDC 5 


36 


3WR 




CSC 6 


35 


3 RESET 




GNDC 7 


34 


3 Do 




AiC 8 


33 


DDi 




AoC 9 < 32 


DD2 




PC7C 


10 S 31 


3D3 




PCsC 11 S 30 


DD4 




PC5C 12 


=^ 29 


:]D5 




PC4C 13 


28 


DDe 




PCoC 


14 


27 


DD7 




PCi C 15 


26 


DVcc 




PC2C 16 


25 


:]PB7 




PC3C 17 


24 


3PB6 




PBoC 


18 


23 


DPB5 




PBi C 19 


22 


DPB4 




PB2 C 20 


21 


3PB3 


83-002e06A 











Pin identification 



No. 


Symbol 


Function 


1-4, 37-40 


PA7-PA0 


Port A (I/O) 


5 


RD 


Read input 


6 


CS 


Chip select input 


7 


GND 


Ground 


8,9 


Ai,Ao 


Port address inputs 


10-17 


PC7-PC0 


Port C (I/O) 


18-25 


PB7-PB0 


Port B (I/O) 


26 


Vcc 


-I- 5 V power supply 


27-34 


D7-D0 


Bidirectional data bus 


35 


RESET 


Reset input 


36 


WR 


Write input 
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Pin Functions 

D7-D0 (Data Bus Buffer) 

These pins form a three-state, bidirectional data bus 
buffer that is controiled by input and output 
instructions executed by the processor. Controi words 
and status information are also transmitted via D7-D0. 

CS (Chip Select) 

A low input to this pin enables the )iPD8255A for 
communication with the 8080A/8085A. 

RD (Read) 

A low input to this pin enables the fiPD8255A for 
communication with the 8080A/8085A. 

WR (Write) 

A low input to this pin enables the data bus buffer to 
receive data or control words from the processor. 

Ai, Aq (Port Address) 

These inputs are used in conjunction with CS, RD, and 
WR to control the selection of one of the three ports 
on the control word register. Aq and Ai are usually 
connected to Aq and Ai of the processor address bus. 

Biocic Diagram 



RESET (Reset) 

A high level input to this pin clears the control register 
and places ports A, B, and C in input mode. The input 
latches in ports A, B, and C are not cleared. 

PAy-PAo, PB7-PBo, PC7-PC0 (Ports A, B, and C) 

These three 8-bit I/O ports can be configured to meet 
a variety of functional requirements through system 
software. The effectiveness and flexibility of the 
ijPDS255A are further enhanced by special features 
unique to each of the ports, as follows: 

• Port A has an 8-bit data output latch/buffer, 
data input latch/buffer, and data input latch. 

• Port B has an 8-bit data I/O latch/buffer and an 
8-bit data input buffer. 

• Port has an 8-bit output latch/buffer and a 
data input buffer (input not latched). 

Port C may be divided into two independent 4-bit 
control and status ports for use with ports A and B. 

Vcc 

-1-5 V power supply. 

GND (Ground) 

Connection to ground. 



Power ' 
Supplies . 



Bidirectlonel 
, Oata Bus 



D7D0 



Data 
Bus 
Buffer 



Group 




8Bit 
Internal 
Data Bus 



RD- 
WR- 
Ai- 
Ao- 
RESET - 



Read/ 
Write 
Control 
Logic 



Group 



O T O- 



o 




1 



I/O 
-PAo 



Group 

PortC (\ I'O 
Upper hr^/PCrPC^ 

(4) 



Group 
\^ — ^ Lower NfTy 



OtO 



PCa-PCo 



PB7-PB0 
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Functional Description 

The read/write and control logic manages all internal 
and external transfers of data, control, and status. It 
is through this block that the processor address and 
control buses control the peripheral interfaces. 

Through an OUT instruction in system software from 
the processor, a control word is transmitted to the 
/iPD8255A. Information such as the mode, bit set, and 
bit reset is used to initialize the functional 
configuration of each I/O port. 

Both group I and group II accept commands from the 
read/write control logic and control words from the 
internal data bus and in turn controls its associated 
I/O ports, as follows: 

• Group I: port A and upper port C (PC7-PC4) 

• Group II: port B and lower port C (PC3-PC0) 

While the control word register can be written to, the 
contents cannot be read bacl< to the processor. 

Absolute Maximum Ratings 

Ta = 25°C 



Operating temperature, Tqpt 



0°C to +70°C 



Storage temperature, Tstg 



-65°C to +150°C 



Voltage on any pin witti respect to Vss 



-0.5 to +7 V 



Comment: Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those Indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



DC Characteristics 

Ta = to +70°C; Vcc = +5 V ±10%; Vss ^ 



ov 





Symbol 


Limits 


Unit 




Parameter 


iHin 


iHax 


Test Conditions 


input low voltage 


V|L 


-0.5 


0.8 


V 




Input tiigii voltage 


V|H 


2 


Vcc 


V 




Output iow voltage 


Vol 




0.45 


V 


(2) 


Output higti voltage 


VOH 


2.4 




V 


(3) 


Darlington drive 
current 


Iqh (1) 


-1 


-4 


mA 


Vext = 1-5 V 
Rext = 75012 


Power supply 
current 


Ice 




120 


mA 


Vcc = +5 V, 
output open 


input ieai<age 
current 


Ilih 




10 


Ix^ 


V|N = V = Vcc 


input ieal<age 
current 


lUL 




-10 


mA 


V|N = 0.4 V 


Output leakage 
current 


Iloh 




±10 


mA 


VouT = Vcc; 

GS = 2.0 V 


Output leakage 
current 


Ilol 




-10 


n^ 


VouT = 0.4 V; 
CS = 2.0 V 



Note: 

(1) Any set of eight outputs from either port A, B, C can source 4 
mA into 1.5 V. 

(2) Iql - 2.5 mA for DB port; 1.7 mA for peripheral ports. 

(3) Iqh = -400/iA for DB port; -200 j/A for peripheral ports. 

Capacitance 



Ta = 25°C; Vcc = OV 










Limits 


Unit 


Test 


Parameter Symboi 


iMin iUax 


Conditions 


Input capacitance C| 


10 


PF 


fc = 1 IWHz 


i/O capacitance C|o 


20 


PF 


Unmeasured pins 
returned to Vss 
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AC Characteristics 

Ta = 0°C to +70°C; Vcc = +5 V ±5%; 


Vss = V 














Symbol 


8255A-2 
Limits 


8255A-5 
Limits 


Unit 


Test 


Parameter 


Mln 


Max 


Min 


iWax 


Conditions 


Address stable before READ 


tAR 












ns 




Address stable after READ 


tRA 












ns 




READ pulse width 


Irr 


200 




250 




ns 




Data valid from READ 


Ird 




140 




170 


ns 


Cl = 150 pF 


Data float after READ 


tDF 


10 


100 


10 


100 


ns 
ns 


Cl= 100 pF 
Cl = 15 pF 


Time between READS and /WRITES 


Irv 


200 




850 




ns 


(Note 2) 


Write 


Address stable before WRITE 


tAW 












ns 




Address stable after WRITE 


%A 


20 




20 




ns 




WRITE pulse width 


tww 


200 




250 




ns 




Data valid to WRITE (TE.) 


tow 


100 




100 




ns 




Data valid after WRITE 


tWD 












ns 




Other Timing 


WR = to output 


%B 




350 




350 


ns 


Cl = 150 pF 


Peripheral data before RD 


t|R 












ns 




Peripheral data after RD 


Ihr 












ns 




ACK pulse width 


tAK 


300 




300 




ns 




STB pulse width 


tST 


350 




350 




ns 




Per. data before IE. of STB 


tps 












ns 




Per. data after IE. of STb 


tpH 


150 




150 




ns 




ACK = to output 


Iad 




300 




300 


ns 


Cl = 150 pF 


ACK = to output float 


Ikd 


20 


250 


20 


250 


ns 


Cl = 50 pF 
Cl = 15 pF 


WR = 1 to OBF = 


IWOB 




300 




650 


ns 




ACK = to DBF = 1 


UOB 




350 




350 


ns 




STB = to IBF = 1 


tsiB 




300 




300 


ns 




RD = 1 to IBF = 


tRIB 




300 




300 


ns 




RD = to INTR = 


'rit 




400 




400 


ns 




STB = 1 to INTR = 1 


tSIT 




300 




300 


ns 


Cl = 150 pF 


ACK = 1 to INTR = 1 


Iait 




350 




350 


ns 




WR = to INTR = 


twiT 




450 




850 


ns 


CL = 150pF(Note3) 



Note: 

(1) Period of reset pulse must be at least 50 f^s during or after 
power on. Subsequent reset pulse can be 500 ns min. 

(2) 



.J 

RD— / 



\^' 



(3) INTRt may occur as early as WW. 
AC Testing Load Circuit 



^-^y 



V 



Device 
Under 
Test 



nAAA- 

Cl = 150 pF 



-OVext* 



*Vext is set at various voltages during testing to guarantee 
the specification 
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Timing Waveforms 

AC Testing Input, Output Waveform 



2.4 










V"- 




^.\ 


r~ 




A 


^ Test Points Z^ 


A 


Cl = ISO pF 




/Vo.s-' 




--0.8/^ 


V 


0.45 


/ \ 




/ 


\ 
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Mode 



Input From 
Peripheral 



CS, Ai,Ao 



Do,D7 



D0.D7 



, Ai,Ao Y 



Output to 
PeripNeral 



\ 



>: 



>: 



-tAW- 



: > : 



/ 



X 



X 



Basic Input (READ) 



\ 



/ 



>: 



-twD-» 



X 



-twB- 



>: 




Basic Output (WRITE) 



:c 
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Timing Waveforms (cont) 

Mode 1 



Output to 
Peripheral 



STB to 
Peripheral 



Input from 
Peripheral 



( 



\^ / - 



tWOB 



X 



\ 



/ 



/ 




^.J-^ 



\ 



\ 



^/ / 




) 
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Timing Waveforms (cont) 

Mode 2 



- Write Data from 
;^PD8085A to ^PD8255A 




Read Data from 
^PD8255A to ^PD8085A 



Note: 

(1) Any sequence wfiere W R occ urs befor e AC K and ST B occu rs before RD Is permissible 
(INTR = IBF • MASK • STB • RD + OBF • MASK • ACK • WR). 

(2) Whe n the mPD8255A is set to Mode 1 or 2, 
OBF is reset to be high (logic 1). 
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Modes 

The f/PD8255A can be operated in modes 0, 1 or 2 
which are selected by appropriate control words and 
are detailed below. 

Mode 

Mode provides basic Input and output operations 
through each of the ports A, B, and C. Output data 
Is latched and Input data follows the peripheral. No 
"handshaking" strobes are needed. 

• 16 different configurations in mode 

• Two 8-blt ports and two 4-bit ports 

• Inputs are not latched 

• Outputs are latched 

Mode 1 

Mode 1 provides for strobed input and output opera- 
tions with data transferred through port A or B and 
handshaking through port C. 

• Two I/O groups (I and II) 

• Both groups contain an 8-bit data port and a 4-blt 
control/data port 

• Both 8-bit data ports can be either latched Input or 
latched output 

Mode 2 

Mode 2 provides for strobed bidirectional operation 
using PA0PA.7 as the bidirectional latched data bus. 
PC3PC7 Is used for Interrupts and "handshaking" bus 
flow control similar to mode 1. Note that PB0PB7 and 
PC0PC2 may be defined as mode or 1, input or out- 
put in conjunction with port A in mode 2. 

• An 8-bit latched bidirectional bus port (PA0-PA7) 
and a 5-bit control port (PC3PC7) 

• Both inputs and outputs are latched 

• An additional 8-bit input or output port with a 3-bit 
control port. 



Basic Operation 

Input Operation (Read) 



Al 


AO 


RD 


WR 


cs 













1 





PORT A -♦ DATA BUS 





1 





1 





PORT B -* DATA BUS 


1 








1 





PORT C -* DATA BUS 


Output Operation (Write) 


Al 


Ao 


RD 


WR 


cs 










1 








DATA BUS -^ PORT A 





1 


1 








DATA BUS -* PORT B 


1 





1 








DATA BUS -* PORT 


1 


1 


1 








DATA BUS -* CONTROL 


Disable Function 


Al 


Ao 


RD 


WR 


cs 




X 


X 


X 


X 


1 


DATA BUS -► 
HIGH Z STATE 


X 


X 


1 


1 





DATA BUS -». 
HIGH Z STATE 



Note: 

(1) X means "DO NOT CARE" 

(2) All conditions not listed are Illegal and should 
be avoided. 
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Formats 

Mode Definition, Bit/Rest Format 



a 



Mode Definition 



Group II 



Port C (Lower) 
1 = Input 
= Output 



Port B 
1 = Input 
= Output 



Mode Selection 

= Mode 

1 = Mode 1 



Group I 



Port C (Upper) 
1 = Input 
= Output 



Port A 
1 = Input 
= Output 



Mode Selection 

00 = Mode 

01 = Mode 1 
1X = Mode 2 



Mode Set Flag 
1 = Active 



Control Word 



D7 De Ds D4 D3 D2 Di Do 



Don't 
Care 



Bit/Reset 



Bit Set/Reset 
1 = Set 
= Reset 






1 


2 


3 


4 


5 


6 


7 







1 





1 





1 





1 


Bo 








1 


1 








1 


1 


Bi 














1 


1 


1 


1 


B2 



Bit Set/Reset Flag 
= Active 
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/iPD8257 

PROGRAMMABLE 

DMA CONTROLLER 



Description 

The )iPD8257 is a programmable four-channel direct 
memory access (DMA) controller. It is designed to 
simplify high-speed transfers between peripheral 
devices and memories. Upon a peripheral request, the 
^PD8257 generates a sequential memory address, 
thus allowing the peripheral to read or write data 
directly to or from memory. Peripheral requests are 
prioritized within the /iPD8257 so that the system bus 
may be acquired by the generation of a single HOLD 
command to the 8080A. DMA cycle counts are main- 
tained for each of the four channels, and a control 
signal notifies the peripheral when the prepro- 
grammed member of DMA cycles bas occurred. Out- 
put control signals are also provided which allow 
simplified sectored data transfers and expansion to 
other /iPD8257 devices for systems requiring more 
than four DMA channels. 

Features 

D Four-channel DMA controller 

D Priority DMA request logic 

D Channel inhibit logic 

D Terminal count and modulo 128 outputs 

D Automatic load mode 

D Single TTL clock 

D Single -h5 V ± 10% power supply 

D Expandable 

D Available in extended temperature range 



Pin Configuration 



Ordering information 




Part 
Number 


Package lype 


Max Frequency 
of Operation 


|iPD8257C-2 


40-pin plastic DIP 


5 MHz 


MPD8257C-5 


40-pin plastic DIP 


3 MHz 



iTORC 


1 A. 


y 40 


2 A7 




i;ow c 


2 


39 


DAe 




MEMR C 


3 


38 


D As 




• MEMW C 


4 


37 


3 A, 




MARK C 


5 


36 


3 7C 




READY C 


6 


35 


IIA3 




HLDA C 7 


34 


I! A2 




ADDSTB C 


8 


33 


D Ai 




AEN C 


9 


32 


H Ao 




HRQC 10 S 31 


3 Vcc 




CSC 


11 g 30 


DDo 




CLKC 


12 


=- 29 


3Dv 




RESET C 


13 


28 


H Da 




DACK2 C 


14 


27 


DD3 




DACK3 C 


15 


26 


JOa 




DRQ3 C 


16 


25 


3 DACKo 




DRQ2 C 


17 


24 


D DACKi 




DRQi C 


18 


23 


JOs. 




DRQo C 


19 


22 


DDe 




GNDC 


20 


21 


JDj 
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Pin Identification 






No. 


Symbol 


Function 


1 


I/OR 




1/0 read, control signal 


2 


l/OW 




I/O write, control signal 


3 


MEMR 




Memory read output 


4 


MEMW 




Memory write output 


5 


MARK 




Modulo 128 mark 


6 


READY 




Ready input 


7 


HLDA 




Hold acknowledge Input 
(from 8080A) 


8 


ADDSTB 




Address strobe output 


9 


AEN 




Address enable output 


10 


HRQ 




Hold request (to 8080A) 


11 


CS 




Chip select input 


12 


CLK 




Clock Input 


13 


RESET 




Reset input 


14, 15, 
24, 25 


DACK2, 
DACKi, 


DACK3, 
DACKo 


DMA acknowledge output 


16-19 


DRQ3-DRQ0 


DMA request input 


20 


GND 




Ground 


21-23, 26-30 


D7-D5, 
D4-D0 




I/O data bus 


31 


Vcc 




-1-5 V power supply 


32-35 


A0-A3 




I/O address bus 


36 


TC 




Terminal count output 


37-40 


A4-A7 




Output address bus 
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Pin Functions 

Do-D7 (I/O Data Bus) 

During an I/O read, the CPU enables these lines as 
Inputs, allowing it to read an address register, a word 
count register, orthestatus or temporary register. Dur- 
ing an I/O write, these lines are enabled as outputs, 
allowing the CPU to program the )iPD8257-2/-5 control 
registers. During DMA cycles, the eight MSBs of the 
address are output to the data bus to be strobed to 
an external latch via ADDSTB. 

A4-A7 (Output Address Bus) 

These lines, active only during DMA service, are out- 
puts that provide the four MSBs of the address. 

A0-A3 (I/O Address Bus) 

During DMA active states, these lines are outputs that 
provide the 4 LSBs of the output address bus. During 
DMA idle states, these lines are inputs, allowing the 
CPU to load or examine control registers. 

DRQo-DRQs (DMA Request Input) 

These are asynchronous channel request Inputs used 
by peripherals to request DMA service. In a fixed 
priority scheme, DRQq has the highest priority and 
DRQ3 has the lowest. The polarity of these lines is 
programmable; however, reset initializes them to 
active high. 

HLDA (Hold Acknowledge) 

Indicates that the CPU has relinquished control of the 
system busses. 

HRQ (Hold Request) 

Requests control of the system bus. The nPD8257-2/-5 
issues this signal in response to software requests 
or DRQ inputs from peripherals. 



DACK0-DACK3 (DMA Acknowledge Output) 

These lines indicate an active channel. They are 
sometimes used to select a peripheral. Only one 
DACK may be active at any time. All DACK lines are 
inactive unless DMA has control of the bus. The 
polarity of these lines is programmable; however, 
reset Initializes them to active low. 

TO (Terminal Count) 

When the terminal count occurs, TC goes high, infor- 
ming the CPU that the data transfer Is complete. 



RESET 

Clears the command, status, request, and temporary 
registers, the first/last flip flop, and sets the mask 
register. The ptPD8257-2/-5 is in idle state after a reset. 

CS (Chip Select) 

The CPU uses CS to select the ^PD8257-2/-5 as an I/O 
device during an I/O read or write by the CPU. This 
provides CPU communication on the data bus. CS 
may be held low during mult iple t ran sfers to or from 
the jiPD8257-2/-5 as long as I/OR or l/OW is toggled 
following each transfer. 

READY 

This signal can extend memory read and write pulses 
for slow memories or I/O peripherals. 

CLK (Clock) 

Controls internal operations and data transfer rate. 

AEN (Address Enable) 

This signal allows the external latch to output the 
upper address byte by disabling the system bus dur- 
ing DMA cycles. Use HLDA and AEN to deselect I/O 
peripherals that may be erroneously accessed during 
DMA transfers. The piPD8257-2/-5 deselects itself dur- 
ing DMA transfers. 

ADDSTB (Address Strobe) 

This signal strobes the upper address byte form Dq-D? 
Into an external latch. 



MEMR (Memory Read) 

This signal accesses data from a specified memory 
location during memory-to-peripheral or memory-to- 
memory transfers. 



MEMW (Memory Write) 

This signal writes data to a specified memory loca- 
tion during peripheral-to-memory or memory-to- 
memory transfers. 



I/OR (I/O Read) 

In the idle state, this signal is an input control line 
used by the CPU to read control registers. In the ac- 
tive state, the ji/PD8257-2/-5 uses I/OR as an output 
control signal to access data from a peripheral dur- 
ing a DMA write. 
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l/OW (I/O Write) 

In the idle state, the CPU uses l/OW as an input con- 
trol signal to load information to the /UPD8257-2/-5. In 
the active state, the j^PD8257-2/-5 uses l/OW as an out- 
put control signal to load data to a peripheral during 
a DMA read. 

The rising edge of WR must follow each data byte 
transfer in order for the CPU to write to the 
/HPD8257-2/-5. Holding l/OW low while toggling CS 
does not produce the same effect. 



MARK (Modulo 128 Mark) 

This output notifies the selected peripheral that the 
current DMA cycle is the 128th cycle since the 
previous MARK output. MARK always occurs at 128 
(and all multiples of 128) cycles from the end of the 
data block. 

Vcc 

Power supply. 

GND 

Ground. 



Block Diagram 



CLK- 
RESET 



D7-D0 < 8 



Data 
Bus 
Buffer 



Ai*- 
Aa*- 



TC 
MARK ' 



o 



READ/ 
WRITE 
Logic 



o 




c 



c 



16-Bit 
ADDR 
CNTR 



/ c 



6-Bit 
ADDR 
CNTR 



16-Bit 
ADDR 
CNTR 



) 



16-Bit 
ADDR 
CNTR 



Priority 
Resoiver 



Internal 
Bus 



- DACK1 



-DRQ2 



• DACK2 



-DRQ3 



DACK3 
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Absolute Maximum Ratings 

Ta = 25°C 



Operating temperature, Tqpt 


0°C to 70°C 


Storage temperature, Tstg 


.-65°Cto +150''C 


Power supply voltage, Vqc 


-0.5 Vto +7V(1) 


Power dissipation 


1 Watt 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 

Note: 

(1) With respect to Ground 



Capacitance 

Ta = 25°C; Vcc = GND = V 





Limits 


Unit 


Test 


Parameter 


Symbol iVIln Typ iWax 


Conditions 


Input capacitance 


C( 10 


PF 


fc = 1 IVlHz 


I/O capacitance 


C|/o 20 


PF 


Unmeasured pins 
returned to GND 



DC Ciiaracteristics 

Ta = 0°C to +70°C; Vqc = +5 V ±10% GND = V 





Symboi 


Limits 


Unit 


Test 


Parameter 


i«in 


■Wax 


Conditions 


Input low voltage 


V|L 


-0.5 


0.8 


V 




Input high voltage 


V|H 


2.0 


Vcc 

+ 0.5 


V 




Output low voltage 


Vol 




0.45 


V 


Iql = 1.6 mA 



Output high 
voltage 



Vqh 



2.4 



Vcc 



Iqh = -150/^ 

for AB, 

DB and AEN 

Iqh = -80 nA for 

others 



HRQ output high 
voltage 


Vhh 


3.3 


Vcc 


V 


iOH = -80mA 


Power supply 


Ice 


- 


100 


mA 


8257-2 


current 


120 


mA 


8257-5 


Input leakage 


l|L 


-10 


10 


mA 


rS V|N :S Vcc 


Output leakage 
during float 


lOFL 


-10 


10 


mA 


0.45 <, VouT 
rSVcc 
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AC Characteristics 

Ta = 0°C to +70°C; Vcc = 5 V 


±10%; GND = V 














Symbol 






Limits 


Unit 




Parameter 


^PD8257-2 
MIn Max 


HPD8257-5 
Min Max 


Test 
Conditions 


Read 


ADR or CSi Setup to RDI 


tAR 









ns 




ADR or CS -»• hold from RDt 


tRA 









ns 




Data Access from Bdi 


tRDE 





140 


170 


ns 


Cl = 100 pF 


DB -»• float delay from RDt 


tRDF 


10 


85 


20 100 


ns 


Cl = 100 pF 


RD width 


tpw 


200 




250 


ns 




Write 


ADR setup to WR^ 


tAW 


20 






ns 




ADR hold from WRt 


tWA 









ns 




Data setup to WRi 


tow 


100 




200 


ns 




Data hold from WRt 


tWD 









ns 




WR width 


twws 


100 




200 


ns 




Other timing 


Reset pulse width 


tRSTW 


300 




300 


ns 




Power supply t(Vcc) setup to reset! 


tRSTD 


500 




500 


ixs 




Signal rise & fall times 


tf. tf 




20 


20 






Reset to first lOWR 


tRSTS 


2 




2 


tCY 





Note: 

(1) All timing measurements are made at ttie following reference voltages unless specified otherwise: input "1" at 2.0 V, "0" at 0.8 V, output 
"1" at 2.0 V, "0" at 0.8 V. 

AC Characteristics 

Ta = 0°C to +70°C; Vqc = +5 V ±10%; GND = V 





Symbol 




Limits 






Unit 






MPD8257-2 


1 


;jPD8257-£ 


i 


Test 


Parameter 


MIn 


Max 


MIn 


Max 


Conditions 


Cycle time (period) 


^CY 


0.200 


4 


0.320 


4 


IXS 




Clocl< active (high) 


te 


80 




80 


■8tcY 


ns 




DRQt setup to ei (SI, S4) 


Iqs 


50 




120 








DRQi hold from HLDAt 


tQH 














(4) 


HRQt or i delay from et (SI, S4) 
(measured at 2.0 V) 


too 




160 




160 


ns 




HRQt or Welay from et (SI, S4) 


tHS 




200 


100 


250 


ns 


(3) 


HLDAt or isetup to 61 (SI, S4) 


tHS 


50 




100 




ns 




AENt delay from ei (SI) 


fAEL 




150 




300 


ns 




AEN! delay from et (SI) 


tAET 




150 




200 


ns 




ADR (AB) (active) delay from AENt (S1) 


^AEA 


20 




20 




ns 


(4) 


ADR (AB) (active) delay from et (SI) 


Vaab 




200 




250 


ns 


(2) 


ADR (AB) (float) delay from et (SI) 


^AFAB 




150 




150 


ns 


(2) 


ADR (AB) (stable) delay from et (SI) 


Iasm 




200 




250 


ns 


(2) 


ADR (AB) (stable) hold from et (SI) 


Iah 


tASM-50 




tASM-50 






(2) 


ADR (AB) (valid) hold from RDt (S2, SI) 


tAHR 


60 




60 




ns 


(4) 
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AC Characteristics (cent) 




Symbol 




Limits 






Unit 






fiPDS257-2 




fiPD8257-S 




Ibst 


Parameter 


MIn 


Max 


MIn 


Max 


Conditions 


ADR (AB) (valid) hold from WRt (S1, SI) 


tAHW 


100 




300 




ns 


(4) 


ADR (DB) (active) delay from 9t (S1) 


tpADB 




150 




300 


ns 


(2) 


ADR (DB) (float) delay from et (S2) 


tAFDB 


^sn 


140 


tsTT+20 


170 


ns 


(2) 


ADR (DB) setup to ADR STB^ (S1-S2) 


tASS 


100 




100 




ns 


(4) 


ADR (DB) (valid) hold from ADR STB4 
(S2) 


tAHS 


20 




50 




ns 


(4) 


ADR STBt delay from et (S1) 


tSTL 




150 




200 


ns 




ADR STb; delay from et (S2) 


tSTT 




140 




140 


ns 




ADR STB width (S1-S2) 


TSW 


tcY-100 




tcY-100 




ns 


(4) 


m or WR (ext)l delay from ADR 
STBf(S2) 


tASC 


20 




70 




ns 


(4) 


RD^ or WR (ext)i delay from ADR (DB) 
(float) (S2) 


*DBC 







20 




ns 


(4) 


DACKt or Idelay from 6^ (S2, S1) and 
TC/Marl<t delay from et (S3) and 
TC/MarW delay from et (S4) 


tAK 




200 




250 


ns 


(5) 


RDI or WR (ext) i delay from et (S2) and 
WR; delay from et (S3) 


bCL 




150 




200 


ns 


(2) (6) 


RDt delay from e; (S1, SI) and WRt delay 
from et (84) 


bCT 




150 




200 


ns 


(2) (7) 


RD or WR (active) from et (S1) 


tpAC 




200 




300 


ns 


(2) 


RD or WR (float) from et (SI) 


tAFC 




150 




150 


ns 


(2) 


RD width (S2-S1 or SI) 


Trwm 


2tcY + 

te-50 




2tcY+ 

te-50 




ns 


(4) 


WR width (S3-S4) 


twWM 


tcY-50 




tcY-50 




ns 


(4) 


WR (ext) width (S2-S4) 


twWME 


2tcY-50 




2tcY-50 




ns 


(4) 


READY set up time to et (S3, Sw) 


tRS 


30 




30 




ns 




READY hold time from et (S3, Sw) 


tRH 


30 




30 




ns 





Note: 

(1) jjoad = 1 TTL 

(2) Load = 50 pF 

(3) Load = VoH = 3.3 V 

(4) Tracking specification 

(5) AtjAK ^ 50 ns 

(6) AtpcL ^ 50 ns 

(7) Atocr ^ 50 ns 
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Timing Waveforms 

Read Timing 



Chip Select ' 



X 



/ 



r 



X 



^ 



tz> 



Write/Reset Timing 



Chip Seiect 



t 



/ 



X 



X 



X 



X 



^"^J 



r~^-i 



•rsts fwws 



Vcc 



/ 
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♦f* I'i Control Override Sequence- 



Sl I SI I SO I S1 I S2 I S3 I S4 I S1 I S2 I S3 I S4 I SI I SI I SO I S1 I S2 I S3 I S4 I SI I SI I SO 

«QS-H U-|< ^ H -»|«e|«- tQs-^ \*- 
DRQ0-DRQ3 



DRQ0-DRQ3 







H 


T: 


§ 


3 


Tl 


:b 





1 


5 

(0 


00 
10 


S" 


^ 


01 


,a. 


fi) 


^ 


1 


< 
5. 




§- 




3 

w 

s 





§ 

^ 
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Functional Description 

The /iPD8257 is a programmable, direct memory Ac- 
cess (DMA) device. When used with an 8212 I/O port 
device, it provides a complete four-channel DMA con- 
troller for use in 8080A/8085A based systems. Once 
initialized by an 8080A/8085A CPU, the ^PD8257 will 
block transfer up to 16,364 bytes of data between 
memory and a peripheral device without any attention 
from the CPU. It will do this on all 4-DMA channels. 
After receiving a DMA transfer request from a 
peripheral, the following sequence of events occurs 
within the jnPD8257. 

(1) It acquires control of the system bus (placing 
8080A/8085A in hold mode). 

(2) Resolves priority conflicts if multiple DMA re- 
quests are made. 

(3) A 16-bit memory address word is generated with 
the aid of an 8212 in the following manner: 

(a) The ^PD8257 outputs the least significant 
eight bits (A0-A7) which go directly onto the 
address bus. 

(b) The /iPD8257 outputs the most significant 
eight bits (A8-A15) onto the data bus where 
they are latched into an 8212 and then sent 
to the high order bits on the address bus. 

(4) The appropriate memory and I/O read/write con- 
trol signals are generated allowing the peripheral 
to receive or deposit a data byte directly from or 
to the appropriate memory location. 



Block transfer of data (e.g., a sector of data on a flop- 
py disk) either to or from a peripheral may be ac- 
complished as long as the peripheral maintains its 
DMA request (DRQn). The fiPD8257 retains control of 
the system bus as long as DRQn remains high or un- 
til the terminal count (TC) is reached. When the ter- 
minal count occurs, TC goes high, informing the CPU 
that the operation Is complete. 

There are three different modes of operation: 

(1) DMA read, which causes data to be transferred 
from memory to a peripheral; 

(2) DMA write, which causes data to be transferred 
from a peripheral to memory; and 

(3) DMA verify, which does not actually involve the 
transfer of data. 

The DMA read and write modes are the normal 
operating conditions for the jnPD8257. The DMA verify 
mode responds in the same manner as read/write ex- 
cept no memory or I/O read/write control signals are 
generated, thus preventing the transfer of data. The 
peripheral gains control of the system bus and 
obtains DMA acknowledgements for its requests, 
thus allowing it to access each byte of a data block 
for check purposes or accumulation of a CRC (cycle 
redundancy code) checkword. In some applications 
it is necessary for a block of DMA read or write cycles 
to be followed by a block of DMA verify cycles to allow 
the peripheral to verify its newly acquired data. 
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DMA Operation 

As Shown in figure 1, internaiiy thefiPD8257 contains 
six different states (SO, S1, S2, S3, S4 and SW). The 
duration of each state is determined by the input 
ciock. In the idle state, (S1), no DMA operation is be- 
ing executed. A DMA cycle is started upon receipt of 
one or more DMA requests (DRQn). Then the mPD8257 
enters the SO state, during which a hold request (HRQ) 
is sent to the 8080A/8085A and the mPD8257 waits in 
SO until the 8080A/8085A issues a hold acknowledge 
(HLDA) back. During SO, DMA requests are sampled 
and DMA priority is resolved (based upon either the 
fixed or priority scheme). 

After receipt of HLDA, the DMA acknowledge line 
(DACKn) with the highest priority is driven low, selec- 
ting that particular peripheral for the DMA cycle. The 
DMA request line (DRQp) must remain high until 
either a DMA acknowledge (DACKn) or both DACKn 
and TC (terminal count) occur, indicating the end of 
a block or sector transfer (burst model). 

Figure 1. DMA Operation State Diagram 




HRQ + HLDA 
Notes: 

(1) HRQ Is set If DRQn is active. 

(2) HRQ is reset if DRQn is no* s 



The DMA cycle consists of four internal states; S1, 
S2, S3, and S4. If the access time of the memory or 
I/O device is not fast enough to return a ready com- 
mand to the mPD8257 after it reaches state S3, then 
a wait state is initiated (SW). One or more than one 
wait state occurs until a ready signal is received, and 
the hPD8257 is allowed to go Into state S4. Either the 
extended write option or the DMA verify mode may 
eliminate any wait state. 

if the piPD8257 should lose control of the system bus, 
(i.e., HLDA goes low) then the current DMA cycle is 
completed; the device goes into the S1 state, and no 
more DMA cycles occur until the bus is reacquired. 
Ready setup time (tps), write setup time (tow), read 
data access time (tpp), and HLDA setup time (tQs) 
should all be carefully observed during the handshak- 
ing mode between the mPD8257 and the 8080A/8085A. 

During DMA write cycles, the I/O Read (I/O R) output 
is generated at the beginning of state S2 and the 
memory write (MEMW) output Is generated at the 
beginning of S3. During DMA read cycles, the memory 
read (MEMR) output is generated at the beginning of 
state S2 and the I/O write (I/O W) goes low at the 
beginning of state S3. No read or write control signals 
are generated during DMA verify cycles. 

System Interface 

Figure 2 is the schematic diagram of a |:iPD8257 
system interface with the 8080A CPU, 8212 I/O Port, 
8224 Ciock Generator, and 8228 System Controller 
and Bus Driver. 
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Figure 2. 


Typical /jPD8257 System Interface Schematic 
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//PD8259A 

PROGRAMMABLE 

INTERRUPT CONTROLLER 



Description 

The juPD8259A is a programmable interrupt controller 
directly compatible with the 8080A/8085A/ 8086/ 8088 
microprocessors. It can service eight levels of inter- 
rupts and contains on-chip logic to expand interrupt 
capabilities up to 64 levels with the addition of other 
/iPD8259A's. The user can choose a selection of priority 
algorithms to tailor the priority processing to meet 
his system requirements. These algorithms can be 
dynamically modified during operation, which expands 
the versatility of the system. The /nPD8259A is 
completely upward compatible with the /iPD8259-5, 
allowing software written for the /^PD8259-5 to run on 
theMPD8259A/-2. 

Features 

D Eight-level priority controller 

D Programmable base vector address 

D Expandable to 64 levels 

D Programmable interrupt modes (algorithms) 

D Individual request mask capability 

D Single -i-5V power supply (no clocks) 

D Full compatibility with 8080A/8085A/ 8086/ 8088 



Pin Configuration 



Ordering Informat 


ion 


Part 
Number 


Package Type 


A(PD8259AC 


28-pin plastic DIP 


/[/PD8259AC-2 


28-pln plastic DIP 













CSC 1 Vs. 


J 28 


3Vcc 


WR C 2 


27 


3Ao 




RDC 3 


26 


3 INTA 




D7 C 4 


25 


3 IR7 




DeC 


5 


24 


3 iRe 




D5C 6 


23 


3 IR5 




D4C 


7 a 22 


31R4 




Dae 


8 S 21 


3 IR3 




D2C 


9 


" 20 


3 IR2 




DiC 


10 


19 


3 IR1 




DoC 


11 


18 


3 IRo 




CASo C 


12 


17 3 INT 




CAS, C 


13 


16 


3 SP/EN 




QNO C 


14 


15 3 CAS2 


83-002777A 











Pin Identification 




No. 


Symbol 


Function 


1 


CS 


Chip select input 


2 


WR 


Write input 


3 


RD 


Read input 


4-11 


D7-D0 


Bidirectional data bus 


12,13,15 


CAS0-CAS2 


Cascade lines 


14 


GNO 


Ground 


16 


SP/EN 


Slave program input /enable buffer 
output 


17 


INT 


Interrupt output 


18-25 


IR0-IR7 


Interrupt request inputs 


26 


INTA 


Interrupt acknowledge input 


27 


Ao 


Command select address input 


28 


Vcc 


+5 V power supply 
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Pin Functions 

Bidirectional Data Bus (Dy-Do) 

Three-state data bus used for interfacing to the system 
data bus. This bus carries control words, status infor- 
mation, and Interrupt vector information. 

Interrupt Request Inputs (IRq-IR?) 

These are eight asynchronous inputs that operate in 
two modes. In the edge-triggered mode, the IR input 
must be raised from low to high and held high until it is 
acknowledged. In the level-triggered mode, the IR input 
requires only a high. 

Cascade Lines (CAS0-CAS2) 

These lines are used as a bus which controls multiple 
):iPD8259As in a master/slave configuration. When an 
jnPD8259A is a master, these lines are outputs. When a 
/itPD8259A is used as a slave, the lines are inputs. 

Chip Select (CS) 

When CS is low, the CPU can read and write to the 
(£PD8259A. The INTA input operates independently of 
CS. 

Command Select Address Input (Aq) 

The fiPD8259A uses this input with CS and WR to de- 
code command words written by the CPU. Aq Is used 
with CS and RD to decode controller status information 
for the CPU to read. Typically, Aq is connected to the Aq 
address lines on the CPU. 



Interrupt (INT) 

When the mPD8259A receives a valid interrupt request, 
the INT output goes high to interrupt the CPU. This pin 
should be connected directly to the Interrupt pin on the 
CPU. 



Interrupt Acknowledge (INTA) 

This input line goes active low to indicate that the CPU 
has received an interrupt request from the mPD8259A. 
INTA enables interrupt vector data onto the data bus. 

Read Input (RD) 

When both RD and CS are low, the /LtPD8259A sends its 
status information to the data bus so the CPU can read 
it. 

Write Input (WR) 

The mPD8259A can receive command words from the 
CPU when both WR and CS are low. 

Slave Program Input/Enable Buffer Output 
(SP/EN) 

This is a dual function pin. In the buffered mode, the en- 
able buffer output is used to enable the buffer transceiv- 
ers. In the non-buffered mode, when the SP input is 
high, the ;iPD8259A operates as a master and when the 
SP input is low, the ):iPD8259A operates as a slave. 

Ground (GND) 

Ground 

Power Supply (Vcc) 

Power supply input, +5 volts. 
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Block Diagram 



s-n 



INT 



Processor 

Address 

Bus 



Processor 

Control 

Bus 



l-O 



D2-D0 



Data 
Bus 
Buffer 



-»-qRD 

Read 
-*<i WR Write 
Logic 
Ao 



CS 



Cascade 

Buffer 

Comparator 



SP CAS0CAS1CAS2 



Processor 
Data 
Bus 



Slave 
Program Cascade 
Enable Lines 
Buffer 



Control Logic 



1 T 



H: 



n 



■IRO 
■IR1 
■IR2 
■IR3 
-IR4 
■IR5 
-IR6 
■IR7 



Intetnipt Mask Register (MR) 



Block Diagram Description 

Interrupt Request Register (I RR) and In-Service 
Register (ISR) 

The interrupt request arid in-service registers store tiie 
incoming interrupt request signais appearing on the 
IRq-IR? lines. The inputs requesting service are stored 
in the IRR while the interrupts actually being sen/iced 
are stored in the ISR. Refer to functional block diagram. 

A positive transition on an IR input sets the correspond- 
ing bit in the interrupt request register. At the same time, 
the INT output of the /iPD8259A is set hig h. The IR input 
line must remain high until the first INTA input has been 
received. Multiple non-masked interrupts occurring si- 
multaneously can be stored in the IRR. The incoming 
INTA sets the appropriate ISR bit, which is determined 
by the programmed interrupt algorithm, and resets the 
corresponding IRR bit. The ISR bit stays active high dur- 
ing the interrupt service subroutine until it is reset by the 
programmed end of interrupt command (EOl). 



Priority Resolver 

The priority resolver decides the priority of the Interrupt 
levels in the IRR. When the highest priority interrupt is 
determined, it is loa ded into the appropriate bit of the 
ISR by the first INTA pulse. 

Data Bus Buffer 

The three state 8-bit bidirectional data bus buffer inter- 
faces the /ljPD8259A to the systems data bus. It buffers 
the control word and status Information being transfer- 
red between the )LiPD8259A and the processor. 

Read /Write Logic 

The read/write logic accepts processor commands and 
stores them in its initialization command word (ICW) 
and operation command word (OCW) registers. This 
logic also controls the transfer of status information to 
the processor. 
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Chip Select (CS) 

The fiPD8259A is enabled when this input receives an 
active low signal. When the CS input is high, reading or 
writing of the jiPD8259A Is inhibited. 

Write (WR) 

This active low signal instructs the |i^PD8259A to receive 
command data from the processor. 

Read(RD) 

When the RD input receives an active low signal, the 
status of the interrupt request register, in-service regis- 
ter, interrupt mask register or binary code of the inter- 
rupt level is placed on the data bus. 

Interrupt (INT) 

The interrupt output from the ptPD8259A is directly con- 
nected to the processor's INT input. The voltage levels 
of this output are compatible with the 8080A/8085A/ 
8086/8088. 

Interrupt Mask Register (IMR) 

The interrupt mask register stores the bits which will 
mask the individual interrupt lines. The IMR masks the 
data in the ISR. Lower priority lines are not affected by 
masking a higher priority line. 



Interrupt Acknowledge (INTA) 

INTA pulses cause the f/PD8259A to put vectoring infor- 
mation on the bus. The number of pulses depend upon 
whether the /iPD8259A is in the |iPD8085A mode or 
8086/8088 mode. 

Command Select Address Input (Aq) 

Ao is usually connected to the processor's data bus. To- 
gether with RD and WR, it signals the loading of data 
into the command register or the reading of status data. 
Table 1 illustrates the basic operations performed. Note 
that it Is divided into three functions: input, output, and 
bus disable distinguished by the RD, WR, and CS in- 
puts. 



Table 1. 


lJiPD8259A Basic Operation 


Ao D4 


D3 


RD 


WR 


CS 


Operation 


Processor Input (Read) 










1 





IRR, ISR or IR^ data bus (Note 1) 


1 







1 





IMR -* data bus 


Processor Output (Write) 








1 








Data bus -* 0CW2 





1 


1 








Data bus -* 0CW3 


1 


X 


1 








Data bus -* 1CW1 


1 X 


X 


1 








Data bus -* 0CW1, ICW2, ICW3, ICW4 
(Note 2) 


Disable Function 


X X 


X 


1 


1 





Data bus — high impedance state 


X X 


X 


X 


X 


1 


Data bus -^ high impedance state 



Note: 

(1) The contents of 0CW3 written prior to the read operation governs the 
selection of IRR, ISR or the interrupt level. 

(2) The sequencer logic on the j<PD8259A aligns these commands In the 
proper order. 

Cascade Buffer/ Comparator 

The IDs of all /iPD8259As are buffered and compared in 
the cascade buffer/comparator. See figure 4. The 
master fiPD8259A sends the ID of the interrupting slave 
device along the CASq, CASi and CAS2 lines to all slave 
devices. The cascade buffer/comparator compares its 
preprogramm ed ID to the CASq, CASi and CAS2 lines. 
The next two INTA pulses strobe the preprogrammed, 2 
byte call routine address onto the data bus from the 
slave whose ID matches the code on the CASq, CASi 
and CAS2 lines. 

Slave Program (SP) 

The interrupt capability can be expanded to 64 levels by 
cascading multiple f^PD8259As in a master plus slaves 
array. See figure 4. The master controls the slaves 
through the CASq, CASi and CAS2 lines. The SP input to 
the device selects_the CASq, CASi and CAS2 lines as 
either outputs (SP = 1) for the master or as inputs 
(SP = 0) for the slaves. If only one fiPD8259A is used, the 
SP input must be set to a logic 1, since it is functioning 
as a master. 
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Absolute Maximum Ratings 

Ta = 25°C 



DC Cliaracteristics 

TA = Oto +70°C,Vcc= +5V±10% 



Power supply voltage, Vcc 


-0,5to+7.0V(Note1) 


Input voltage, Vi 


-1.0VtoVcc+1.0V 


Output voltage, Vq 


-0.5VtoVcc+0.5V 


Operating temperature, Tqpt 


to +70°C 


Storage temperature, Tstg 


-65to+150°C 


Power dissipation, Pd 


LOW 



Note: 

(1) With respect to ground. 

Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


lyp 


Max 


Conditions 


Input voltage 
low 


V|L 


-0.5 




0.8 


V 




Input voltage 
iilgh 


V|H 


2.0 




Vcc +0.5 


V 




Output voltage 
low 


Vol 






0.45 


V 


IOL = 2.2mA 


Output voltage 
high 


VOH 


2.4 






V 


l0H=-400f^A 


Interrupt output 


Vqh-int 


2.4 






V 


l0H=-400f<A 


High voltage 




3.5 






V 


Ioh=-100mA 


Input leakage 
current (Note 1) 


Ili 


-10 




10 


lA 


OV<V|<Vcc 


Output leal<age 
current 


Ilo 


-10 




10 


M 


0.45V<Vo<Vcc 


Vcc Po^'ver 
supply current 


Ice 






85 


mA 





Note: 

(1) For other inputs. 



AC Characteristics 

Timing Requirements 

TA = 0°Cto -f-70°C,Vcc= +5V±10% 







Limits 


Unit 






MPD8259A 


MPD8259A-2 


Test 


Parameter 


Symbol 


Min Max 


Min Max 


Conditions 


AO /CS setup to RD/iMi 


tAHRL 








ns 




AO /CS hold after RD/IMt 


(rhax 








ns 




RD pulse width 


tRLRH 


235 


160 


ns 




AO / CS setup to WRI 


tAHWL 








ns 




AO /CS hold after WRt 


tWHAX 








ns 




WR pulse width 


%LWH 


290 


190 


ns 




Data setup to WR t 


^DVWH 


240 


160 


ns 




Data hold after WRt 


%HDX 








ns 




Interrupt request width low 


tjUH 


100 


100 


ns 


(Note 1) 


Cascade setup to second or third 
INTA i (slave only) 


tCVIAL 


55 


40 


ns 




End of RD to next command 


tRHRL 


160 


160 


ns 




End of WR to next command 


tWHRL 


190 


190 


ns 




End of command to next command 
(different type) 


tCHCL 


500 


500 


ns 


(Note 2) 


End of INTO sequence to next INTO 
sequence 


tCHCL 


500 


500 


ns 


(Note 2) 




Note: 

(1) This is the low time required to clear the input latch in the edge-triggered mode. 

(2) Worst case timing for tcHCL '" =•" actual microprocessor system is typically much greater than 500 ns (8085A = 1 ixs, 8085-2 = 1 /.iS, 8086 = 1 /jS, 
8086-2 = 625 ns). 
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AC Characteristics (cent) 

Timing Responses 

TA = 0°Cto +70°C,Vcc= +5V±10% 









LImlU 






Unit 










^PD8259A 




MPD8259A-2 


Test 


Parameter 


Symbol 


Min 


Max 


Min 


Max 


Conditions 


DatavalidfromRD/INTAi 


tRLDV 




200 




120 


ns 


(Notes 1-5) 


Data float after RD/INTAt 


tRHDZ 


10 


100 


10 


85 


ns 


(Notes 1-5) 


Interrupt output delay 


tjHIH 




350 




300 


ns 


(Notes 1-5) 


Cascade valid from first INTO i 
(master only) 


tiALCV 




565 




360 


ns 


(Notes 1-5) 


Enable active from RD i or INTA t 


tRLEL 




125 




100 


ns 


(Notes 1-5) 


Enable inactive from RD t or INTA t 


tRHEH 




150 




150 


ns 


(Notes 1-5) 


Data valid from stable address 


tAHDV 




200 




200 


ns 


(Notes 1-5) 


Cascade valid to valid data 


tCVDV 




300 




200 


ns 


(Notes 1-5) 



Note: 

(1) C of data bus = 100 pF 

(2) Max test C = 100 pF 

(3) MintestC = 15pF 

(4) C|NT = 100pF 

(5) CcASCADE = 100pF 

Capacitance 

Ta = 25 °C, Vcc = GND = V, fc = 1.0 MHz 



AC Test Input 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


Max 


Conditions 


Input 
capacitance 


C| 






10 


pF 


(Note 1) 


I/O 
capacitance 


C|/o 






20 


pF 


(Note 1) 



Xlio 
as 



Note: 

(1) Unmeasured pins returned to Vgs 

Timing Waveforms 

Write Mode 



Read/INTA Mode 



\ 



Address Bus 
Ao 



X 



|*tDVWH* 

J 



/ 






K 



^. 



Address Bus 
Ao 



>: 



-tRLRH- 



\ 






J( 



!-_ 



tRHEH 



— tRHf 



-tRLDV- 



•• tAHDV * ^ 



1^- 
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Timing Waveforms (cont) 

INTA Sequence 



/ 



/ 



\ 



\ 



OB 



C0-C2 



xz>— io — <I> 

•tCVIAL* 

~/ 



2: 



•— tiALCV — * 



1 



IR Triggering Timing Requirements 



Utch(1) 
Armed 



\ 






\ 



Utch(l) 
Armed 



UtcMD 
Armed 



\ 



■-/ 



8086/8088 / 8080/8085 



tzi 



/ 8086/81 



/ 



NOTE: 

(1) Edge triggered mode only 




Other Timing 
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Functional Description 

The fiPD8259A functions are described in following 
paragraphs under these major headings: 

• Interrupt Sequence 

• 8080 /8085A Mode 

• 8086/8088 Mode 

• initialization Comnnand Words 

• Operational Command Words 

• Reading MPD8259A Status 

interrupt Sequence 

The mPD8259A derives its versatility from pro- 
grammable interrupt modes and the ability to jump to 
any memory address through programmable CALL 
instructions. 

The sequence used by the fxPD8259A to handle an 
interrupt depends upon whether an 8080A/8085A or 
8080/8088 CPU is being used. 

The following sequence demonstrates how the 
|uPD8259A interacts with the 8080A/8085A systems. 

(1) An interrupt(s) appearing on IRq-IR? sets the 
corresponding IR bit(s) high. This in turn sets the 
corresponding IRR bit(s) high. 

(2) Once the IRR bit(s) has been set, the ;^PD8259A will 
resolve priorities according to the preprogrammed 
interrupt algorithm. It then issues an INT signal to 
the processor. 

(3) Whe n the processor receives an INT, It issues an 
INTAtotheMPD8259A. 

(4) The INTA input to the fiPD8259A from the processor 
group sets the highest priorit y ISR bit and resets the 
corresponding IRR bit. The INTA also signals the 
)ixPD8259A to place an 8-bit CALL instruction opcode 
(11001101) onto its data bus lines. 

(5) The CALL instruction code in struc ts the processor 
group to issue two more INTA pulses to the 
MPD8259A. 



(6) The two INTA pulses signal the ;iPD8259A to place 
its preprogrammed in terru pt vector address onto 
the data bus. The first INTA releases t he lo w orders 
bits of the address and the second INTA releases 
the high order 8 bits. 

(7) The ji^PD8259As CALL instruction sequence is 
complete. A preprogrammed EOl command is 
issued to the fxPD8259A at the end of the interrupt 
service routine. This resets the ISR bit and allows 
the fiPD8259A to service the next interrupt. 

The following sequence demonstrates how the 
fiPD8259A interacts with the 8086/8088 systems. 

(1), (2), (3) Same as for 8080A/8085A. 

(4) During the first INTA from the processor, the 
jnPD8259A does not drive the data bus. The highest 
priority ISR bit is set and the corresponding IRR bit 
is reset. 

(5) The fiPD8259A puts vect or information onto the data 
bus on the second INTA pulse from the 8086/8088. 

(6) There is no third INTA pulse in this mode. In the AEOI 
mode the ISR bit is reset at the end of the second 
INTA pulse, or it remains set until an EOl command 
is issued. 

8080f8085Ai\llode 

For th ese processors, the f.t PD82 59A is controlled by 
three INTA pulses. The first INTA pulse will cause the 
MPD8259A to put the CALL opco de o nto the data bus. 
See table 2. The second and third INTA pulses will cause 
the upper and lower address of the interrupt vector to be 
released on the bus. See tables 3 and 4. 

Table 2. Contents of First Interrupt Vector Byte 

D7 Dg D5 D4 D3 D2 Di Do 



1 


1 








1 


1 





1 
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Table 3. Contents of Second Interrupt Vector Byte 



8086/8088 Mode 



IR 


Interval =4 




D7 


De 


D5 


04 


D3 


D2 


Dl 


Do 


7 


Ar 


Ae 


As 


1 


1 


1 








6 


A7 


Ae 


As 


1 


1 











5 


A7 


Ae 


As 


1 





1 








4 


A/ 


Ae 


As 


1 














3 


A; 


Ae 


As 





1 


1 








2 


A7 


Ae 


As 





1 











1 


A7 


Ae 


As 








1 











A7 


Ae 


As 


















IR 


Interval =8 




D7 


De 


D5 


D4 


D3 


D2 


Dl 


Do 


7 


A7 


Ae 


1 


1 


1 











6 


A7 


Ae 


1 


1 














5 


A7 


Ae 


1 





1 











4 


A7 


Ae 


1 

















3 


A7 


Ae 





1 


1 











2 


A7 


Ae 





1 














1 


A7 


Ae 








1 














A7 


Ae 





















Table 4. Contents of Third Interrupt Vector Byte 

D7 Dfi D5 D4 D3 D2 Dl Do 



Al5 


Al4 


Al3 


A12 


A11 


A10 


Ag 


As 



Table 5. Contents of Interrupt Vector Byte, 8086/8088 
Mode 



IR 


Interval =4 




D7 


De 


D5 


D4 


D3 


D2 


Dl 


Do 


7 


T7 


Te 


Ts 


T4 


T3 


1 


1 


1 


6 


T7 


Te 


Ts 


T4 


T3 


1 


1 





5 


T7 


Te 


Ts 


T4 


T3 


1 





1 


4 


T7 


Te 


Ts 


T4 


Ts 


1 








3 


T7 


Te 


Ts 


T4 


T3 





1 


1 


2 


T7 


Te 


Ts 


T4 


T3 





1 





1 


T7 


Te 


Ts 


T4 


T3 








1 





h 


Te 


Ts 


T4 


T3 












In this mode only two INTA pulses are sent to the 
y(/PD8259A. After the first InTA pulse, the//PD8259A 
does not output a CALL but internally sets priority reso- 
lution. If it is a master, it sets the cascade lines. The in- 
terrupt vector is output to the data bus on the second 
INTA pulse. See table 5. 

Initialization Command Words 

ICW1andlCW2 

LTIM if LTIM = 1, then the ^PD8259A operates in 

the level interrupt mode. Edge detect logic 
on the interrupt inputs is disabled. 

ADI CALL address interval. If ADI = 1 then the In- 

terval is four; if ADI = then the interval is 
eight. 

SNGL (Single) Indicates that there is only one 

mPD8259A in the system. If SNGL = 1, no 
ICW3 is issued. 

IC4 If this bit is set, ICW4 has to be read. If ICW4 

is not needed, set IC4 to logic 0. 

A5-A15 Defines the page starting address of the 
service routines. In an 8085A system, the 
eight request levels generate CALLs to 
eight locations equally spaced in memory. 
These can be programmed to be spaced at 
intervals of four or eight memory locations, 
allowing eight routines to occupy a page of 
32 or 64 bytes, respectively. 

The address form is two bytes long (A0-A15). When the 
routine interval is four, A0-A4 are automatically inserted 
by the f^PD8259A, while A5-A15 are programmed exter- 
nally. When the routine interval is eight, A0-A5 are auto- 
matically inserted by the p(PD8259A, while A6-A15 are 
programmed externally. 

The eight-byte interval maintains compatibility with 
current software, while the four-byte interval is best for a 
compact jump table. 

In an 8086/8088 system, T7-T3 are inserted in the five 
most significant bits of the vectoring byte. The 
p«PD8259A sets the three least significant bits accord- 
ing to the interrupt level. 
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ICW3 

This word is read only when there is rnore than one 
iuPD8259A in the system and cascading will be used. 
SNGL of ICW1 is programmed for logic 0. ICW3 will load 
the 8-bit slave register. The functions of this register are, 
in the master mode, when SP = 1 orBUF=1 andM/S = 1 
in I CW4, alls set for each slave i n the system. The mas- 
ter then releases byte 1 of the call sequence (for 8080A/ 
8085A system) and enables the corresponding slave via 
the cascade lines to release vector bytes 2 and 3 (byte 2 
only for 8086/8088). 

In the slave mode, when SP = Oor BUF = 1 and M/S = 
in ICW4, bits ID2-ID0 identify the slave. This slave com- 
pares its cascade input with these bits and if they are 
equal, vector bytes 2 and 3 of the call sequence (byte 2 
only for 8086/8088) are released by the slave on the data 
bus. 



ICW4 

SNFM 

BUF 
M/S 

AEOI 
mPM 



If SNFM = 1, the special fully nested mode 
is programmed. 

If BUF = 1, the buffered mode is pro- 
grammed. In the buffered mode, SP/EN be- 
comes an enable output and the 
master/slave determination is by M/S. 

If the buffered mode is selected, M/S = 1 
means the nPD8259A is programmed to be 
a master, M/S = meians the nPD8259A is 
programmed to be a slave. If BUF = 0, M/S 
has no function. 

If AE0I = 1, the automatic end of interrupt 
mode is programmed. 

Microprocessor mode: /iPM = sets the 
MPD8259A for 8085A system operation; 
fiPM = 1 sets the )nPD8259A for 8086 system 
operation. 

Figure 1 illustrates the command word initialization se- 
quence. 



Figure 1. Initialization Sequence 







Ao 


D7 Dg D5 D4 D3 D2 


Dl 


Do 




83-002785A 







A7 Ag As 1 LTIM ADI 


SNGL 


IC4 


ICW1 






, 












1 


Ais/Ty A14/T6 AisH-s A12/T4 A11/T3 A10 


Ag 


As 


ICW2 










1 
S— •— ^ Single \ 

. NO(SNGL = 0) 














(SNGL 




1 


S7 Sfi Ss S4 S3 S2/ID2 


S1/ID1 


SO/IDo 


ICW3 






- ' 


\ 
























(IC4 = 0) \^ y/^ 

YES(1C4 = 1) 








1 


SFNM BUF M/S 


AEOI 


mPM 


ICW4 






















1 












Ready to Accept Interrupts 
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Figure 2 illustrates the initialization command word for- 
mat. 



Figure 2. Initialization Command Word Format 



ICW3 
(Master Device) 



ICW3 
(Slave Device) 



D7 De Ds D4 D3 D2 Di Do 



D7 De D5 D4 D3 D2 



Ao D7 



Ds D4 



D2 Di 



Ao D7 De Ds D4 D3 



D2 Di 



D7 Ds Ds D4 D3 Dj Di Do 



1 = 8086/8088 (Mode 
= 80/85 iVIode 



X 

1 



- Non Buffered Mode 

■ Buffered Mode/Siave 

- Buffered Mode/ Master 



NOTE: 

(1) Slave ID is equal to the coiresponding master input. 






A7 


As 


As 


1 


LTIM 


ADI 


SNGL 


IC4 






























1=iCW4 Needed 
= No iCW4 Needed 




































1 = Single 

= Cascade Mode 




















Call Address Interval 
1 = Interval of 4 
= Interval of 8 






















1 = Level IHggered Mode 
= Edge IHggered lUlode 
























A7-A5 of Interrupt 

Vactor Address 

(80/85 Mode Only) 

































1 


Ais/ 
XT7 


Aid/' 
/Ts 


Ais/" 
/Ts 


X 


Any 
/ T3 


A10 


A9 


As 


























Ais-Ag of Intenupt 
\fector Address 
(80/85 Mode) 

T7-T3 Of interrupt 
Vector Address 

(8086/8088 Mode) 





































1 


S7 


Ss 


Ss 


S4 


S3 


S2 


Si 


So 


























1 = IR Input Has a Slave 
= IR input Does Not Have a 
Slave 





































1 

















ID2 


ID1 


IDo 


















































SiaveIDd) 













1 


2 


3 


4 


5 


6 


7 









1 





1 





1 





1 




















1 


1 








1 


1 




























1 


1 


1 


1 

























1 = Special Fully Nested Mode 
= Not.Speciai Fully Nested 
Mode 
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Operational Command Words 

Once thenPD8259A has been programmed with initiali- 
zation command words, it can be programmed for the 
appropriate interrupt algorithm by the operation com- 
mand words (OCW). See figures. Interrupt algorithms in 
the jnPD8259A can be changed at any time during pro- 
gram operation by issuing another set of operation 
command words. The following sections describe the 
various algorithms available and their associated 
OCWs. 

Interrupt Masks 

The individual interrupt request input lines are maska- 
ble by setting the corresponding bits in the interrupt 
mask register to a logic 1 through 0CW1. The actual 
masking is performed upon the contents of the in- 
service register. For example, if interrupt request line 3 
Is to be masked, then only bit 3 of the IMR is set to logic 
1. The IMR in turn acts upon the contents of the ISR to 
mask bit 3. 

Once the fiPD8259A has acknowledged an interrrupt, 
the masked interrupt input inhibits lower priority re- 
quests from being acknowledged. There are two means 
of enabling these lower priority interrupt lines. The first 
is by issuing an end of interrupt (EOl) through operation 
command word 2 (0CW2), thereby resetting the appro- 
priate ISR bit. The second approach is to select the spe- 
cial mask mode through OCWS. The special mask mode 
(SMM) and end of interrupt (EOl) are described later. 

Fully Nested Mode 

The fully nested mode is the /iPD8259A's basic operat- 
ing mode. It will operate in this mode after the initializa- 
tion sequence without requiring operation command 
words for formatting. The order of priority is determined 
by IR0-IR7. IRo has the highest priority. After the inter- 
rupt has been acknowledged by the processor and sys- 
tem controller, on ly hig her priorities will be serviced. 
Upon receiving an INTA, the priority resolver determines 
the priority of the interrupt, sets the corresponding IR 
bit, and outputs the vector address to the data bus. The 
EOl command resets the corresponding ISR bits at the 
end of its service routines. 

Rotating Priority Mode Commands 

The two variations of rotating priorities are the auto ro- 
tate and specific rotate modes. These two modes are 
typically used to service interrupting devices of equiva- 
lent priorities. 

Auto Rotate Mode. Programming the auto rotate mode 
through 0CW2 assigns priorities 0-7 to the interrupt re- 
quest inputs. Interrupt line IRq is set to the highest prior- 
ity and IR7 to the lowest. Once an interrupt has been 
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serviced, it is automatically assigned the lowest prior- 
ity. That same input must then wait for the devices 
ahead of it to be serviced before it can be acknowledged 
again. The auto rotate mode is selected by program- 
ming 0CW2 in the following way: set rotate priority bit R 
to a logic 1, program EOl to a logic 1 and SECOI to a logic 
0. The EOl and SEOI commands are discussed later. The 
following is an example of the auto rotate mode with de- 
vices requesting interrupts on line IR2 and IR5. 

(1) Before interrupts are serviced: 

In-service register 

IS7 iSe IS5 



IS4 IS3 IS2 IS1 



■So 









1 








1 








Priority status register 




highest priority 


IR7 


IR6 


IR5 


IR4 


IR3 


IR2 


IR1 


IRo 



According to the priority status register, IR2 has a higher 
priority than IR5 and will be serviced first. 

(2) After interrupts are serviced: 

In-service register 

IS7 ISe IS5 IS4 IS3 IS2 IS1 iSo 









1 

















Priority status register 




highest priority 


IR2 


IR1 


IRo 


IR7 


IRo 


iRs 


IR4 


IR3 



At the completion of IR2's service routine, the corres- 
ponding in-service register bit (IS2) is reset to logic by 
the preprogrammed EOl command. IR2 is then as- 
signed the lowest priority level in the priority status reg- 
ister. The )iPD8259A is now ready to service the next 
highest interrupt, which, in this case, happens to be IR5. 

Specific Rotate Mode. The priorities are set by program- 
ming the lowest level via 0CW2. Then, the /iPD8259A au- 
tomatically assigns the highest priority. If, for example, 
IR3 is set to the lowest priority (bits L2, M, Lq form the 
binary code of the bottom priority level), then IR4 will be 
set to the highest priority. The specific rotate mode is 
selected by programming 0CW2 in the following man- 
ner: set rotate priority bit R to a logic 1, program EOl to a 
logic 0, SEOI to a logic 1 and L2, M, Lq to the lowest prior- 
ity level. If EOl is set to a logic 1, the ISR bit defined by L2, 
Li, l_o is reset. 
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End of Interrupt (EOl) and Specific End of interrupt 
(SEOt) 

The end of interrupt (EOl) or specific end of interrupt 
(SEOI) connmand must be issued to reset tiie appropri- 
ate in-service register bit before the completion of a 
service routine. Once the ISR bit has been reset to logic 
0, the /uPD8259A is ready to service the next interrupt. 

Two types of EOl's are available to clear the appropriate 
ISR bit depending on the /;<PD8259A's operating mode. 

Non-Specific End of interrupt (EOi). When operating in 
interrupt modes where the priority order of the interrupt 
inputs is preserved, such as the fully nested mode, the 
particular ISR bit to be reset at the completion of the 
service routine can be determined. A non-specific EOl 
command automatically resets the highest priority ISR 
bit of those set. The highest priority ISR bit must neces- 
sarily be the interrupt being serviced and must neces- 
sarily be the service subroutine returned from. 

Specific End of interrupt (SEOi). When operating in in- 
terrupt modes where the priority order of the interrupt 
inputs is not preserved, such as the rotating priority 
mode, the last serviced interrupt level may not be 
known. In these modes, a specific end of interrupt must 
be issued to clear the ISR bit at the completion of the 
interrupt service routine. The SEOI is programmed by 
setting the appropriate bits in 0CW2 to logic 1's. See fig- 
ure 3. Both the EOl and SEOI bits of 0CW2 must be set 
to a logic 1 with L2, Li, Lq forming the binary code of the 
ISR bit to be reset. 

Special Mask Mode 

Setting up an interrupt mask through the interrupt mask 
register by setting the appropriate bits in 0CW1 to a 
logic 1 inhibits lower priority interrupts being 
acknowledged. In applications requiring that the lower 
priorities be enabled while the IMR is set, the special 
mask mode can be used. The SMM is programmed in 
0CW3 by setting the appropriate bits to a logic 1. Once 
the SIVIM is set, the /iPD8259A remains in this mode 
until it is reset. The special mask mode does not affect 
the higher priority interrupts. 

Poll Mode 

In poll mode, the processor must be instructed to 
disable its interrupt input (INT). Interrupt service is 
initiated through software by a poll command. Poll 
mode is programmed by setting the poll mode bit in 
0CW3 to logic 1 during a WR Pulse. The following RD 
pulse is then considered as an interrupt acknowledge. If 
an interrupt input is present, the RD pulse sets the 
appropriate ISR bit and reads the interrupt priority level. 
Poll mode is a one time operation and must be 
programmed through 0CW3 before every read. The 



word format which is strobed onto the data bus during 
the poll mode follows: 



D7 


De 


D5 


D4 


D3 


D2 


Dl 


Do 


1 


X 


X 


X 


X 


W2 


Wi 


Wo 



where: 

I = 1lf there is an Interrupt requesting service 

I = If there are no interrupts 

W2-W0 forms the binary code of the highest priority level of the Interrupts 

requesting service. 

Poll mode can be used when an interrupt service ro utine 
is common to several interrupt inputs. The INTA 
sequence is no longer required; this saves ROM space. 
Poll mode can also be used to expand the number of 
interrupts beyond 64. 

Reading /uPD8259A Status 

The following major registers' status is available to the 
processor_ by appropriately formatting 0CW3 and 
issuing RD command. 

Interrupt Request Register 

The 8-bit interrupt request register stores the interrupt 
levels awaiting acknowledgement. The highest priority 
in-service bit is reset once it has been acknowledged. 
Note that the interrupt mask register has no effect on 
the IRR. Prior to the issuing of the RD command, a WR 
command must be issued with 0CW3. Programmable 
logic bits RIS and ERIS of 0CW3 determine whether the 
IRR or ISR register is to be read. To read the contents of 
the IRR, ERIS must be a logic 1, and RIS a logic 0. 

In-Service Register 

The 8-bit in-service register stores the priorities of the 
interrupt levels being serviced. Assertion of an end of 
interrupt (EOl) updates the ISR to the next priority level. 
A WR command must be issued with 0CW3 prior to 
issuing the RD command, both ERIS and RIS should be 
set to logic 1. 

Interrupt Mask Register 

The 8-bit interrupt mask register holds mask data 
modifying interrupt levels. A WR pulse preceding the 
RD is not necessary to read the IMR status. The IMR 
data is available to the data bus when RD is asserted 
with Ao at logic 1. 

A single 0CW3 is sufficient to enable succesive status 
reads providing it is of the same register. A status read is 
overridden by the poll mode when bits P and ERIS of 
0CW3 are set to logic 1. 
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Figure 3. Operation Command Word Format 



Ao D7 De D5 D4 D3 D2 



!• 


M7 


Me 


Ms 


M4 


M3 


M2 


Ml 


Mo 


























1 = Corresponding Bit In 
IRR Is Masked. 

= No Mask Present for 
the Corresponding 
IRR Bit. 





































Ao D7 






R 


SEOi 


EOl 








1-2 


L1 


Lo 






Binary Level to be Reset 
or Put Into Ljowest Priority 

























1 


2 


3 


4 


5 


6 


7 








1 





1 





1 





1 






"L " 











1 


1 








1 


1 

























1 


1 


1 


1 




















Non-Specif Ic End of Intemipt 
1 = Reset ttie Highest Priority 

BitoflSR 
= No Action 
















Specific End of interrupt 
1=L2,Li,Lo Bits are Used 
= No Action 
















Rotate Priority | 


































= 


Not Rotate 













Ao 


D7 


De 


Ds 


D4 


D3 


D2 


Dl 


Do 




ocwa 





- 


ESMM 


SMM 





1 


P 


ERiS 


RiS 






















1 




















Read In-Service Register 














No Action 







1 


No Action 




1 





Read IR Reg. on 
Next RD Pulse 




1 


1 


Read IS Reg. on 
Next RD Pulse 






Polling 






1 


Read Binary Code of 
Highest Level Requesting 
Intemipt on Next RG Pulse 

















No Action 






































Special Mask Mode 














No Action 







1 


No Actton 




1 





Read Special Mask 




1 


1 


Set Special Itjask 
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Table 6. Summary of Operation Command Word 
Programming 



Ao 04 D3 


0CW1 1 X X 


M7-M0 IMR (interrupt mask register) 
WR loads IMR data whiieRD 
reads status 


0CW2 


R SEOI EOl 












No action 








1 


Non-specific end of interrupt 





1 





No action 





1 


1 


Specific end of interrupt L2, M, 
Lq forms binary representation 
of level to be reset 


1 








No action 


1 





1 


Rotate priority at end of inter- 
rupt (auto mode) 


1 


1 





Rotate priority, L2, L-j, Lq 
specifies bottom priority with- 
out end of interrupt 



1 1 Rotate priority at end of inter- 
rupt (specific mode). L2, Li, Lq 
specifies bottom priority, and 
it is In-service register bit is 
reset. 



Ao D4 D3 



0CW3 1 ESiVIM Sit/IM 









} 


Special mask not affected 





1 




Special mask not affected 


1 







Reset special mask 


1 1 Set special masl( 


ERIS 


RIS 












} 


No action 





1 




No action 


1 







Read IR register status 



Read IS register status 



Figure 4. Cascading tAe iJiPD82S9A 



Processor Address Bus (16) 



Processor Control Bus (S) 



INT ' 
REQ 



? 



7^ 



:^ 



iz 



CS Ao 



INT 



CASo 
CASi 



mPD8259A 
(Slave 2) 

CAS2 
SP IR IR IR IR IR IR IR IR 



Processor Data Bus (8) 

YS^ 



IZ 



IZ 



OS Ao 



INT 



CASo 
CASi 



MPD8259A 
(Slave 1) 

_ CAS2 

SP IR IR IR IR IR IR IR IR 



21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 

NOTE: 

(1) Insure that the processor Interrupt input Is disabled during the execution of any control com- 
mand and initialization sequence for all mPI38259A's. 



Ts: 



\/ I V 



Ao 



INT 



CS 
CASo 

^PD8259A 
(Master) 
CAS2 
SP IR IR IR IR IR IR IR 



CASi 



VCC 



5 4 3 2 10 



E 
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Instruction Set 




Operation Description 






Operation Code 






Ao 




# Mnemonic 


D7 


De 


Ds 


D4 


D3 


02 


Dl 


Do 


Format 


(Byte 1 1nitialization, No 


ICW4 Required) 






















1 ICW1 A 


Single, edge triggered 


Ay 


Ae 


As 







1 


1 








4 


2 ICW1 B 


Single, level triggered 


A7 


Ae 


As 




1 


1 


1 








4 


3 ICW1 C 


Not single, edge triggered 


A7 


Ae 


As 







1 











4 


4 ICW1 D 


Not single, level triggered 


Az 


Ae 


As 




1 


1 











4 


5 1CW1 E 


Single, edge triggered 


A7 


Ae 













1 








8 


6 ICW1 F 


Single, level triggered 


A7 


Ae 







1 





1 








8 


7 ICW1 G 


Not single, edge triggered 


A7 


Ae 






















8 


8 ICW1 H 


Not single, level triggered 


A7 


Ae 







1 














8 


(Byte 1 1nitialization, ICW4 Required) 


9 ICW1 1 


Single, edge triggered 


A7 


Ae 


As 







1 


1 







4 


10 ICWU 


Single, level triggered 


A7 


Ae 


As 




1 


1 


1 







4 


11 ICW1K 


Not single, edge triggered 


Ay 


Ae 


As 







1 










4 


12 ICWIL 


Not single, level triggered 


A7 


Ae 


As 




1 


1 










4 


13 ICW1M 


Single, edge triggered 


A7 


Ae 













1 







8 


14 ICW1 N 


Single, level triggered 


A7 


Ae 







1 





1 







8 


15 ICW10 


Not single, edge triggered 


A7 


Ae 





















8 


16 1CW1P 


Not single, level triggered 


A7 


Ae 







1 













8 


(Byte 2 Initialization) 


17 ICW2 


Initialize byte 2 


Ai5 


Al4 


Al3 


Al2 


A11 


A10 


A9 


As 


1 




(Byte 3 Initialization) 


18 ICW3 M 


Initialize byte 3 (master) 


S7 


Se 


Ss 


S4 


S3 


S2 


Sl 


So 


1 




19 ICW3S 


Initialize byte 3 (slave) 

















S2 


Sl 


So 


1 




(Byte 4 Initialization) 


20 ICW4 A 


No action, redundant 






























21 ICW4 B 


Non-buffered, no AEOI, 8086/8088 





























22 ICW4 C 


Non-buffered, AEOI, 80/85 




























23 ICW4 D 


Non-buffered, AEOI, 8086/8088 




























24 ICW4 E 


No action, redundant 

















1 










25 ICW4 F 


Non-buffered, no AEOI, 8086/8088 

















1 










26 ICW4 G 


Non-buffered AEOI, 80/85 

















1 










27 ICW4 H 


Non-buffered, AEOI, 8086/8088 

















1 










28 ICW4 1 


Buffered, slave, no AEOI, 80/85 



























29 ICW4J 


Buffered, slave, no AEQI, 8086/8088 


n 

























30 ICW4 K 


Buffered, slave, AEOI, 80/85 




























31 1CW4 L 


Buffered, slave, AEOI, 8086/8088 



























32 ICW4 M 


Buffered, master, no AEOI, 80/85 
















1 












33 ICW4 N 


Buffered, master, no AEOI, 8086/8088 
















1 
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Instruction Set (cont) 




Mnemonic 


Operation Description 






Operation Code 








# 


D7 


De 


D5 


D4 


03 


02 


Dl 


Do 


Aq Format 


(Byte 4 Initialization) (cont) 


34 


ICW4 


Buffered, master, AEOI, 80/85 














1 


1 


1 







35 


ICW4P 


Buffered, master, AEOI, 8086/8088 














1 


1 


1 


1 




36 


ICW4 NA 


Fully nested, non-buffered, no AEOI, 8085A 



























37 


ICW4 NB 


ICW4 NB-ICW4 ND are Identical to ICW4 B-ICW4 D with the 
addition of fully nested mode 






















1 




38 


ICW4 NC 


ICW4 NB-ICW4 ND are identical to ICW4 B-ICW4 D with the 
addition of fully nested mode 



















1 







39 


ICW4 ND 


ICW4 NB-ICW4 ND are identical to ICW4 B-ICW4 D with the 
addition of fully nested mode 



















1 


1 




40 


ICW4 NE 


Fully nested, non-buffered, no AEOI, 80/85 
















1 










41 


ICW4 NF 


ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 
















1 





1 




42 


ICW4 (\IG 


ICW4 NF-ICW4 NP are identical to IGW4 F-ICW4 P with the 
addition of fully nested mode 
















1 


1 







43 


ICW4 N^ 


ICW4 NF-ICW4 NP are Identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 
















1 


1 


1 




44 


ICW4 Nl 


ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 


























45 


ICW4 NJ 


ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 





















1 




46 


ICW4 NK 


ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 


















1 







47 


ICW4 NL 


ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 


















1 


1 




48 


ICW4 NM 


ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 















1 










49 


ICW4 NN 


ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the 
addition of fully nested mode 















1 





1 




50 


ICW4 NO 


ICW4 NF-ICW4 NP are identical to ICW4 F-IGW4 P with the 
addition of fully nested mode 















1 


1 







51 


ICW4 NP 


IGW4 NF-ICW4 NP are identical to 1CW4 F-ICW4 P with the 
addition of fully nested mode 















1 


1 


1 




52 


0CW1 


Load mask and read mark registers 


IV17 


Me 


Ms 


M4 


M3 


M2 


Ml 


Mo 




53 


0CW2E 


Non-specific EOl 








1 




















54 


0CW2 SE 


Specific EOl, L0-L2 code of IS FF to be reset 





1 


1 








L2 


Li 


Lo 





55 


0CW2 RE 


Rotate on non-specific EOl 


1 





1 




















56 


0CW2 RSE 


Rotate on specific EOl L0-L2 code of line 


1 


1 


1 








L2 


L1 


Lo 





57 


0CW2R 


Rotate in auto EOl (set) 


1 


























58 


0CW2 CR 


Rotate in auto EOl (clear) 





























59 


0CW2 RS 


Set priority command 


1 


1 











L2 


Li 


Lo 





60 


0CW3P 


Poll mode 














1 


1 











61 


0CW3 RIS 


Read IS register 














1 





1 


1 
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/iPD8279 

PROGRAMMABLE KEYBOARD/ 

DISPLAY INTERFACE 



Description 

The /iPD8279 is a programmable keyboard and display 
input/output device providing the user with the ability 
to display data on alphanumeric segment displays or 
simple indicators. The display RAM can be programm- 
ed to function as a 16 x 8-bit or dual 16 x 4-bit memory 
and can be loaded or read by the host processor. The 
display can be loaded with right or left entry with an 
auto-increment of the display RAM address. 

The keyboard interface provides a scanned signal to 
a 64 contact key matrix expandable to 128. General 
sensors or strobed keys may also be used. Keystrokes 
are stored in an 8 character FIFO and can be either 
2 key lockout or N key rollover. Keyboard entries 
generate an Interrupt to the processor. 

Features 

n Programmable by processor 

D 32 hex or 16 alphanumeric displays 

n 64 expandable to 128 keyboard 

D Simultaneous keyboard and display 

D 8 character keyboard— FIFO 

D 2 key lockout or N key rollover 

D Contact debounce 

D Programmable scan timer 

D Interrupt on key entry 

D Single +5 V ±10% power supply 

D Fully compatible with 8080A, 8085A, ^PD780 

(Z80®) 
®Z80 is a registered trademarl^ of Zilog, Inc. 



Pin Configuration 



Ordering Information 




Part 
Number 


Package 
Type 


Max Frequency 
of Operation 


f*PD8279C-2 


40-pin plastic DIP 


5 MHz 


^*PD8279C-5 


40-pin plastic DIP 


3 MHz 



RL2 C 
RL3C 
CLK C 
IRQ C 
RL4 C 
RLs C 
RLe C 
RL7 C 
RESET C 
RD C 
WRC 
DBo E 
DBi C 
DB2 C 
DB3C 
DB4 C 
DB5II 
DB6 C 
DB7C 
VssC 



H Vcc 

HRLi 

HRLo 

3 CNTL/STB 
H SHIFT 
IISL3 
IISL2 
HSLi 
HSLo 
3 OUT Bo 
D OUT Bi 
D OUT B2 
D OUT B3 
HOUTAo 
D OUT Ai 
H OUT Aj 
H OUT A3 

Hbd 

DCS 

n Ao 



Pin identification 




No. 


Symbol 


Function 


1,2,5,6,7,8,38,39 


RL0-RL7 


Return lines 


3 


CLK 


Clock input 


4 


IRQ 


Interrupt request 


9 


RESET 


Reset input 


10 


RD 


Read input 


11 


WR 


Write input 


12-19 


DB0-DB7 


Data bus 


20 


Vss 


Ground reference 


21 


Ao 


Buffer address 


22 


CS 


Chip select 


23 


BD 


Blank display output 


24-27 


OUT Ao-OUT A3 


Display A outputs 


28-31 


OUT Bq-OUT B3 


Display B outputs 


32-35 


SL0-SL3 


Scan lines 


36 


Shift 


Shift input 


37 


CNTL/STB 


Control/strobe input 


40 


Vcc 


+ 5 V input 
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Pin Functions 

RL0-RL7 (Return Lines) 

Return line inputs wliicli are connected to the scan 
lines througfi the keys or sensor switches. They have 
active internal pullups to keep them high until a 
switch closure pulls one low. They also serve as an 
8-bit input in the strobed input mode. 

CLK (Clock) 

Clock from system used to generate internal timing. 

IRQ (Interrupt Request) 

In a keyboard mode, the interrupt line is high when 
there is data in the FIFO/sensor RAM. The interrupt 
line goes low with each FIFO/sensor RAM read and 
returns high if there is still information in the RAM. 
In the sensor mode, the interrupt line goes high 
whenever a change in a sensor is detected. 

RESET (Reset) 

A high signal on this pin resets the mPD8279. 

RD (Read Input) 

Input read allows the data buffers to send data to the 
external bus. 

WR (Write Input) 

Input write allows the data buffers to receive data 
from the external bus. 

DB0-DB7 (Data Bus) 

Bidirectional data bus. All data and commands be- 
tween the processor and the fiPD8279 are transmit- 
ted on these lines. 

OUT Aq-OUT A3 (Display A Outputs) 

Output port for the 16x4 display refresh registers. 
The output data is synchronized to the scan lines 
(SL0-SL3) for multiplexed digit displays. Ports A and 
B may be blanked independently and may also be con- 
sidered as one 8-bit port. 

OUT Bo-OUT B3 (Display B Outputs) 

Output port for the 16 x 4 display refresh registers. 
The output data is synchronized to the scan lines 
(SL0-SL3) for multiplexed digit displays. Ports A and 
B may be blanked independently and may also be con- 
sidered as one 8-bit port. 



SL0-SL3 (Scan Lines) 

Scan lines which are used to scan the key switch or 
sensor matrix and the display digits. These lines can 
be either encoded (1 of 16) or decoded (1 of 4). 

Aq (Buffer Address) 

A high on this line indicates the signals in or out are 
interpreted as a command or status. A low indicates 
that they are data. 

CS (Chip Select) 

A low on this pin enables the interface functions to 
receive or transmit. 

BD (Blank Display Output) 

This output is used to blank the display during digit 
switching or by a display blanking command. 

SHIFT (Shift) 

The shift input status is stored along with the key 
position on key closure in the scanned keyboard 
modes. It has an active internal pullup to keep it high 
until a switch closure pulls it low. 

CNTL/STB (Control/Strobe Input) 

For keyboard modes this line is used as a control in- 
put and stored like status on a key closure. The line 
is also the strobe line that enters the data into the 
FIFO in strobed input mode (rising edge). It has an 
active internal pullup to keep it high until a switch 
closure pulls it low. 

Vss (Ground Reference) 

Ground. 

Vcc (Power Supply) 

+ 5 V power supply input. 
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Block Diagram 



DB0-DB7 



Data 
Buffers 



n 



RD WR CS Ao IRQ 

I i i I 



FIFO/Sensor 
-H RAIUI 

Status 



ni 



Internal Data Bus (8) 



.^ 



Display 
Address 
Registers 



16 X 8 
Display 
RAM 




<> 



Display 
Registers 



HT 



FIFO/Sensor 
RAMS 



A- 



Keyboard 

Debounce 

and 

Control 



Timing 

and 
Control 



Scan Counter 



\/ I I SHIFT 



OUT Ao-OUT A3 OUT Bq-OUT B3 



SLo-SL3 



RL0RL7 



Functional Description 

The ^PD8279 has two basic functions: 1) to control 
displays to output and 2) to control a keyboard for in- 
put. Its specific purpose is to unburden the host pro- 
cessor from nnonitoring keys and refreshing displays. 
The /iPD8279 is designed to directly interface with the 
microprocessor bus. The microprocessor must pro- 
gram the operating mode to the ;iPD8279 as follows: 

Output Modes 

• 8 or 16 character display 

• Right or left entry display formats 

Input Modes 

• Scanned keyboard with encoded (8x8 key key- 
board) or decoded (4x8 key keyboard) scan lines. 

• Scanned sensor matrix with encoded (8x8 matrix 
switches) or decoded (4x8 matrix switches) scan 
lines. 

• Strobed input with data on return lines during con- 
trol line strobe being transferred to FIFO. 

Block Diagram 

Following is a description of each section of the 
/iPD8279. See the block diagram for functional 
reference. 



I/O Control and Data Buffers 

Communication to and from the/iPD8279 is perform- 
ed by selecting CS, Aq, RD and WR. The type of in- 
formation written or read by the processor is selected 
by Aq. a logic states that information is data while 
a 1 selects command or status. RD and WR select the 
direction by which the transfer occurs through the 
data buffers. When the chip is deselected (CS = 1) 
the bidirectional data buffers are in a high impedance 
state. This enables the ^PD8279 to be tied directly to 
the processor bus. 

Timing Registers and Timing Control 

The timing registers store the display and keyboard 
modes and other conditions programmed by the pro- 
cessor. The timing control contains the timing counter 
chain. One counter is a divide-by-N scaler, which may 
be programmed to match the processor cycle time. 
The scaler is programmed with a value between 2 and 
31 to divide the external clock input by N to yield the 
internal clock frequency. A value which scales the in- 
ternal frequency to 100 kHz gives a 5.1 ms scan time 
and 10.3 ms switch debounce. The other counters 
divide down to make key, row matrix, and display 
scans. 



E 
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Scan Counter 

The scan counter can operate in either the encoded 
or decoded mode. In the encoded mode, the counter 
provides a count which must be decoded to provide 
the scan lines, in the decoded mode, the counter pro- 
vides a 1 out of 4 decoded scan. In the encoded mode, 
the scan lines are active high, and in the decoded 
mode, they are active low. 

Return Buffers, Keyboard Debounce and Control 

The eight return lines are buffered and latched by the 
return buffers. In the keyboard mode these lines are 
scanned to sample for key closures in each row. If the 
debounce circuit senses a closure, about 10 ms are 
timed out and a check is performed again. If the 
switch is still pressed, the address of the switch 
matrix plus the status of shift and control are written 
into the FIFO. In the scanned sensor mode, the con- 
tents of return lines are sent directly to the sensor 
RAM (FIFO) each key scan. In the strobed mode, the 
transfer takes place on the rising edge of CNTL/STB. 

FIFO/Sensor RAM and Status 

This section is a dual purpose 8x8 RAM. In strobe 
or keyboard mode it is a FIFO. Each entry is pushed 
into the FIFO and read in order. Status keeps track 
of the number of entries in the FIFO. Too many reads 
or writes to the FIFO will be treated as an error con- 
dition. The status logic generates an IRQ whenever 
the FIFO has an entry. In the sensor mode the memory 
is a sensor RAM which detects changes in the status 
of a sensor. If a change occurs, the IRQ is generated 
""until the change is acknowledged. 

Display Address Registers and Display RAM 

The display address register contains the address of 
the word being read or written by the processor, as 
well as the word being displayed. This address may 
be programmed to autoincrement after each read or 
write. The display RAM may be read by the processor 
any time after the mode and address is set. Data en- 
try to the display RAM may be set to either right or 
left entry. 

Command Operation 

The commands_programmable to the fiPD8279 via the 
data bus with OS active (0) and Aq high are as follows: 



Display Mode 


: 


D D 





Eight 8-bit character display— left entry 


1(1) 


Sixteen 8-bit character display— left entry 


1 


Eight 8-bit character display— right entry 


1 1 Sixteen 8-bit character dispiay— right entry 



Note: 

(1) Power on default condition. 



Keyboard 


Mode 


; 




K K 




K 












Encoded scan— 2 l<ey lockout 










Decoded scan— 2 key lockout 


1 







Encoded scan— N key rollover 


1 




1 


Decoded scan— N key rollover 


1 







Encoded scan— sensor matrix 


1 




1 


Decoded scan— sensor matrix 


1 1 







Strobed input, encoded display scan 


1 1 1 strobed input, decoded display scan 



Program Clock 



1 P p p p p 



Where PPPPP is the prescaler value between 2 and 
31. This prescaler divides the external clock by 
PPPPP to develop its internal frequency. After reset, 
a default value of 31 is generated. 



Read FIFO/Sensor RAM 






1 





Ai 


X 


A 


A 


A 



Ao = 



Ai is the autoincrement flag. AAA is the row to be 
read by the processor. The_read command is ac- 
complished with (OS • RD • AO) by the processor. If 
Ai is 1, the row select counter will be incremented 
after each read. Note that autoincrementing has no 
effect on the display. 



Read Display RAM 






1 


1 


Ai 


X 


A 


A 


A 



Ao = 



Where Ai is the autoincrement flagg and AAAA is the 
character which the processor is about to read. 











Write Display RAM 










Keyboard/Display Mode Set 


1 Ai 


A 


A 


A 


A 


1 D 1 D 


K 


K 


K 













Where AAAA is the character the processor is about 
to write. 
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Display Write Inliibit Blanking 






FIFO Status 


1 





1 


X 


IW 


IW 


BL 


BL 


Du S/E U F N N N 










A 


B 


A 


B 


Where: 



Where IWA and IWB are inhibit writing nibble A and 
B respectively, while BLA and BLB are used for blank- 
ing. When using the display as a dual 4-bit, it is 
necessary to mask one of the 4-bit halves to eliminate 
interaction between the two halves. This in ac- 
complished with the IW flags. The BL flags allow the 
programmer to blank either half of the display in- 
dependently. To blank a display formatted as a single 
8-bit, it is necessary to set both BLA and BLB. Default 
after a reset is all zeros. All signals are active high 
(logic 1). 



Clear 



1 


1 





Cd 


Cd 


Cd 


Cf 


Ca 


Where: 


Cd 


Cd 


Cd 








1 





X 




All zeros 




1 


1 







AB = 20H 




11 1 All ones 





X 


X 




Disable clear display 





• DU = Display unavailable because a clear display 
or clear all command is in progress. 

• S/E = Sense error flag due to multiple closure of 
switch matrix. 

• O = FIFO overrun since an attempt was made to 
push too many characters into the FIFO, 

• U = FIFO underrun. An indication that the pro- 
cessor tried to read an empty FIFO. 

• F = FIFO full flag. 

• NNN = The number of characters presently in 
FIFO. 

The FIFO status is read with Aq high and OS, RD ac- 
tive low. 

If the Cd or Ca command has not completed its clear- 
ing, the display is not available. The S/E flags are used 
to show an error in multiple closures has occur- 
red. The O or U, overrun or underrun, flags occur when 
too many characters are written into the FIFO or the 
processor tries to read an empty FIFO. F is an indica- 
tion that the FIFO is full and NNN is the number of 
characters in the FIFO. 



This command is used to clear the display RAM, the 
FIFO, or both. The Cq options allow the user the abili- 
ty to clear the display RAM to either all zeros or all 
ones. Clearing the display takes one complete display 
scan. During this time the processor can't write to the 
display RAM. 

If the Cf bit is set to logic 1, the FIFO status is 
cleared, the FIFO empty flag is set, and IRQ is cleared. 
The sensor matrix mode RAM pointer will then be set 
to row 0. 

Ca, the clear all bit, has the combined effect of Cp 
and Cd; it uses the Cd clearing code on the display 
RAM and also clears FIFO status. It also re- 
synchronizes the internal timing chain. 

End Interrupt/Error IVIode Set 



E X X X X 



In the sensor matrix mode, this instruction clears IRQ 
and allows writing into RAM. In N key rollover, set- 
ting the E bit to 1 allow for operating in the special 
error mode. See description of FIFO status. 



Data Read 

Data can be read during Aq = and when OS, RD are 
active low. The source of data is determined by the 
read display or read FIFO commands. 

Data Write 

Data is written to the chip when Aq, OS, and WR are 
active low. Data will be written into the display RAM 
with its address selected by the latest read or write 
display command. 

Data Format 



1 



CNTL 


SH 


SCAN 


RET 



In the scanned key mode, the characters in the FIFO 
correspond to the above format where CNTL and SH 
are the most significant bits and the SCAN and 
return lines are the scan and column counters. 



RLy 


RLg 


RLs 


RL4 


RL3 


RL2 


RLi 


RLo 



In the sensor matrix mode, the data corresponds 
directly to the row of the sensor RAM being scanned. 
Shift and control (SH, CNTL) are not used in this 
mode. 
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Command Word Summary 












D 


D 


K 


K 


K 








1 


p 


P 


P 


P 


P 





1 





Al 


X 


A 


A 


A 





1 


1 


Ai 


A 


A 


A 


A 


1 








Ai 


A 


A 


A 


A 


1 





1 


X 


IW 
A 


IW 
B 


BL 
A 


BL 
B 


1 


1 





Co 


Co 


Cd 


Cf 


Ca 


1 


1 


1 


E 


X 


X 


X 


X 



Keyboard display mode set 
Load program clock 
Read FIFO/sensor RAM 
Read display RAM 
Write display RAM 
Display write inhibit/blanking 



End interrupt/error mode set 



Du S/E U F N 


N 


N 


FIFO status 


Absolute Maximum Ratings 

Ta = 25°C 


Power supply voltage, Vqd 






-0.5 V to +7.0 VO) 


Power dissipation, Pq 






LOW 


Operating temperature, Tqpt 






0°C to +70°C 


Storage teriiperature, Tstg 






-65°Cto +150°C 



Note: 

(1) With respect to Vss- 

Comment: Exposing the device to stresses above those listed in 
the absolute maximum ratings could cause permanent damage. 
The device is not meant to be operated under conditions outside 
the limits described in the operational sections of this specifica- 
tion. Exposure to absolute maximum ratings for extended periods 
may affect device reliability. 

Capacitance 





Limits 


Test 


Parameter Symbol 


MIn Typ Max Unit 


Conditions 


Input capacitance C| 


5 10 pF 


V| = Vcc 


Output capacitance Cq 


10 20 pF 


Vo = Vcc 



DC Characteristics 

Ta = 0°C to +70°C; Vcc = 5 V : 


t10%; 


Vss = V 




Symbol 


LImlte 


Test 


Parameter 


MIn 


Max 


Unit Conditions 


Input high voltage 
for return lines 


V|H1 


2.2 




V 


Input high voltage 
for other lines 


V|H2 


2.0 




V 


Input low voltage 
for return lines 


V|L1 


-0.5 


1.4 


V 


Input low voltage 
for other lines 


VlL2 


-0.5 


0.8 


V 


Output high voltage on 
interrupt line 


IRQ 
pin 


+ 3.5 




V Iqh == -50 mA 




others 


+ 2.4 




V Iqh = -400 >4A 


Output low voltage 


Vol 




0.45 


V Iql = 2.2 mA 


Input current on shift, 
control and return lines 


llL1 




+ 10 
-100 


mA V| = Vcc 
mA V| = V 


Input leakage current 
for other lines 


l|L2 




±10 


^^ Vi = Vcc to V 


Output float leakage 


'OFL 




±10 


^ Vo = Vcc to V 


Power supply current 


Ice 




120 


mA 
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AC Characteristics 

Ta = 0°C to +70°C; Vcc = 5 V 


±10%; Vss = 


ov 














Symbol 


fiPDS279^ 
Limits 


fiPDI279-2 
Limits 


Unit 


Test 


Parameter 


MIn 


Max 


Min 


Max 


Conditions 


Read 


Address stable before reid 


tAR 












ns 




Address hold time for read 


tRA 












ns 




Read pulse width 


tpR 


250 




200 




ns 




Data delay from read 


tRD 




150 




140 


ns 


Cl = 150 pF 


Address to data valid 


Ud 




250 




250 


ns 


Cl = 150 pF 


Read to data floating 


tDF 


10 


100 


10 


100 


ns 




Read cycle time 


tRCY 


1000 




200 




ns 




Write 


Address stable before write 


tAW 












ns 




Address hold time for write 


tWA 












ns 




Write pulse width 


tww 


250 




200 




ns 




Data set up time for write 


tow 


150 




150 




ns 




Data hold time for write 


tWD 












ns 




Write cycle time 


%CY 


1000 




200 




ns 




Other 


Clocl< pulse width 


^VJ 


120 




70 




ns 




Clock period 


tCY 


320 




200 




ns 
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General Timing 




Keyboard scan time 


5.1 ms 


Keyboard debounce time 


10.3 ms 


Key scan time 


80 MS 


Dispiay scan time 


10.3 ms 


Digit-on time 


480 ms 


Bianking time 


160 MS 


internai ciocl< cycle 


10 ms 



Timing Waveforms 

AC Test Input 



Read 



XT5 






Clock Input 



\ 



-Hw- 



r—^ \ r 



Ao, CS \ 



K 



-Ircy- 



^. 



-tRR- 



/ 



Data Bus u, ,. . 

(Output) "'9'' Impedance 



\ 



High Impedance 



(System's 
Address Bus) 



(Read Control) 



UM« 



^cs^ 



\ 



K 



sta Bus r~ ~ Xi - 

(Input) Data May Change ^ 



/ 



■« Data Valid »■ 



K 



\ 



Data May Change 



(System's 
Address Bus) 



(Write Control) 
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//PB8282/83 
8-BIT LATCHES 



Description 

The fiPB8282 and iuPB8283 are 8-bit latches with three- 
state output buffers. The/iPB8282 is non-inverting and 
the /iPB8283 inverts the input data. These devices are 
ideal for demultiplexing the address/data buses on 
the 8085A/8086 microprocessors. The /iPB8282/83 are 
fabricated using NEC's Schottky bipolar process. 

Features 

D Support ^PB8080, 8085A, 8048, 8086 family 

systems 
D Transparent during active strobe 
D Fully parallel 8-bit data register and buffer 
D High output drive capability (32 mA) for driving 

the system data bus 
D Three-state outputs 



Pin Configurations 



Ordering information 




Part 
Number 


Package Type 


Output Drive 
Capability 


/iPB8282C 


20-pin plastic DIP 


32 mA 


MPB8283C 


20-pin plastic DIP 


32 mA 


Pin identification 


No. 


Symbol 


Function 


1-8 


DI0-DI7 


Data in 


9 


6e 


Output enable 


10 


GND 


Ground 


11 


STB 


Strobe 


12-19 


(MPB8282) DO7-DO0 
(mPB8283) DO7-DO0 


Data out 


20 


Vcc 


Power supply 



DIoC 1 

DIlC 

DI2C 

DI3C 

DUC 5 

DI5C 

DleC 

DI7C 
oeC 

GNDC 



20 3 Vcc 

19 :]DOo 

18 2D0l 

17 J DO2 

16 3DO3 

15 DDO4 

14 DDO5 

13 DDOe 

12 DDO7 

11 DSTB 



DIoC 1 

DI1C 2 

DI2C 3 

DI3I: 4 

DUC 5 

DI5C 6 

DleC 7 

Dizi: 8 

OlH 9 
GNDC 



10 



20 3 Vcc 

19 3DO0 

18 3BO1 

17 DBO2 

16 3003 

15 IDO4 

14 DBOs 

13 IDOe 

12 DDOz 

11 DSTB 



Pin Functions 

OE (Output Enable) 

This active low input control signal enables the con- 
tents of the data latches onto the data output pins 
(B0-B7). When OE goes high, the output buffers 
become high impedance. 

STB (Strobe) 

This input control pulse strobes data at input A0-A7 
into the data latches. Data is latched at STB's high 
to low transition. When active high, STB admits in- 
put data. 

DI0-DI7 (Data In) 

When data that satisfies the STB strobe setup time 
requirements is input to these pins, it is latched into 
the data latches. 

DO0-DO7 (ji^PB8282) (Data Out) 
DO0-DO7 (mPB8283) 

When OE is active (low), it outputs data to the 
DO0-DO7 pins. When OE is inactive high, DO0-DO7 are 
high impedance. Enabling or disabling the output buf- 
fers will not cause negative-going transients to appear 
on the data output bus. 

GND (Ground) 

This is the ground. 

Vcc (Power Supply) 

This is the -i-5 V power supply. 
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Block Diagrams 



8282 



8283 
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—I 
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Functional Doscription 

The /iPB8282/83 are 8-bit latches with three-state out- 
put buffers. Data on the inputs is latched into the data 
latches on a high-to-low transition of the STB line. 
When STB is high, the latches appear transparent. 
The OE input enables the latched data to be transfer- 
red to the output pins. When OE is high, the outputs 
are put in the three-state condition. OE will not cause 
transients to appear on the data outputs. 

Absoluto Maxintum Ratings 

Ta = 25°C 



DC Characteristics 

Ta = 0°C to +70 °C; Vcc = +5 V ±10% 



Operating temperature 


0°Cto +70% 


Storage temperature 


-65°Cto +150''C 


All output and supply voltages 


-0.5 to +7V 


All input voltages 


-1.0 V to 5.5 V 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause perrMansnt darr^.age. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Input clamp 
voltage 


vc 




-1 


V 


Ic = -5 mA 


Powder supply 
current 


Ice 




160 


mA 




Fonward Input 
current 


If 




-0.2 


mA 


Vf = 0.45 V 


Reverse input 
current 


Ir 




50 


mA 


Vr = 5.25 V 


Output low voltage 


Vol 




0.45 


V 


Iql = 32 mA 


Output high 
voltage 


VOH 


2.4 




V 


lOH = -5 mA 


Output oft current 


Iqff 




±50 


M 


VoFF = 0.45 to 5.25 V 


Input low voltage 


V|L 




0.8 


V 


Vcc = 5.0 V (1) 


Input high voltage 


V|H 


2.0 




V 


Vcc = 5.0 V (1) 


Input capacitance 


C|N 




12 


PF 


VbiaS = 2.5 V, 

Vcc = 5V,Ta= 2500 

F = 1 MHz 



Note: 

(1) Output loading Iql = 32 mA, Iqh = -5 mA, Cl = 300 pF 
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AC Characteristics 

Ta = 0°C to +70°C; Vcc = 5 V ± 10% 
Iql = 32 mA, Iqh = -5 nnA, Cl = 300 pF 



Load Circuits 





Symbol 


Limits 




Parameter 


Min 


Max 


Unit 


Input to output delay 
—Inverting 
—Non-inverting 


'ivov 


5 
5 


22 
30 


ns 
ns 


STB to output delay 
—Inverting 
—Non-inverting 


tSHOV 


10 
10 


40 
45 


ns 
ns 


Output disable time 


Iehoz 


5 


22 


ns 


Output enable time 


tELOV 


10 


30 


ns 


Input to STB setup time 


%SL 







ns 


Input to STB hold time 


tSLIX 


25 




ns 


STB higti time 


tSHSL 


15 




ns 


Input, output rise time 


tiLIH. tOLOH 




20 


ns 


Input, output fall time 


tjHIL. tOHOL 




12 


ns 



OutO— 

^300 pF 

3State to Vol 



'i8on 



OutC 



:300 pF 
3-State to Vqh 



=: 300 pF 



Switching 

e3-003664A 



AC Test Points 



Vl.5 ♦-Test Points— ► 1.sV 



AC Testing: inputs are driven at 2.4 V for a iogie 1 and 0.4S V for 
a iogic timing measurements are made at 1.5 V for both 
a iogic 1 and 0. 



Timing Waveform 



Inputs 



KZI^ 



'/ 



Outputs 



\ 



y 



\ 



)C 



Vol + 

VOL 



+ 0.1 V-^r ^'1.6 V 

+ 0.1 V-/ i f 1.4 V 



-tSHOV— 
'Note: Output may be momentarily invalid following the high going into STB transition. 
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JUPB8284A 

CLOCK GENERATOR AND DRIVER 

FOR 8086/8088 MICROPROCESSORS 



Description 

The yuPB8284 is a clock generator and driver for tine 
8086 and 8088 microprocessors. This bipolar driver 
provides the microprocessor with a reset signal and 
also provides properly synchronized READY timing. A 
TTL clock is also provided for peripheral devices. 

Features 

D Generates system clock for the 8086 and 8088 

D Frequency source can be a crystal or a TTL signal 

n MOS level output for the processor 

D TTL level output for the peripheral devices 

D Power-up reset for the processor 

D READY synchronization 

D +5 V supply 

Ordering Information 



Part 
Number 




Max Froqueney 
Package TVp* of Operation 


/^PB8284AD 




18-Pin cerdip 25MHz-i-3 


Pin identification 


No. 


Symbol 


Function 


1 


CSYNC 


Clock synchronization 


2 


PCLK 


Peripheral clock 


3,7 


AEN1, AEN2 


Address enable 


4,6 


RDY1, RDY2 


Bus ready 


5 


READY 


Ready 


8 


CLK 


Processor clock 


g 


GND 


Ground 


10 


RESET 


Reset 


11 


RES 


Reset in 


12 


OSC 


Oscillator output 


13 


F/C 


Frequency crystal select 


14 


EFI 


External frequency In 


15 


ASYNC 


Asynchronous input 


16,17 


XI, X2 


Crystal in 


18 


Vcc 


Vcc 



Pin Configuration 












\J- 








CYSNC € 1 


18 3 Vcc 


PCLK C 2 




17 


HXI 




AENi C 3 




16 n X2 




RDY1 C 


4 


i 


15 3 ASYNC 




READY C 5 


14 


3 EFI 




RDY2 C 


6 


0. 


13 3 F/C 




AEN2C 


7 




12 3 OSC 




CLK C 8 




11 D RES 




GND C 


9 




10 3 RESET 


83-003402A 













Pin Functions 

Clock Synchronization 

An active high signal which allows multiple 8284s to be 
synchronized. When CYSNC is low, the internal 
counters count, and when high, the counters are reset. 
CYSNC should be grounded when the internal oscillator 
is used. 

Peripheral Clock 

A TTL level clock for use with peripheral devices. This 
clock is one-half the frequency of CLK. 

Address Enable 

This active low signal is used to qualify its respe ctive 
RDY inputs. If there is only one bus to interface to, AEN 
inputs are to be grounded. 

Bus Ready 

This signal is sent to the 8284 from a peripheral device 
on the bus to indicate that data has been received or 
data is available to be read. 

Ready 

The READY signal to the microprocessor is synchro- 
nized by the RDY inputs to the processor CLK. READY is 
cleared after the guaranteed hold time to the processor 
has been met. 

Processor Clock 

This is the MOS level clock output of 33% duty cycle to 
drive the microprocessor and bipolar support devices 
(8288) connected to the processor. The frequency of 
CLK is one third of the crystal or EFI frequency. 
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Ground 

Ground. 

Reset 

This is used to initialize the processor. Its input is de- 
rived fronn an RC connection to a Schmitt trigger Input 
for power up operation. 

Reset In 

The Schmitt trigger input is used to determine the tim- 
ing of RESET out via an RC circuit. 

Oscillator Output 

This TTL level clock is the output of the oscillator circuit 
running at the crystal frequency. 

Frequency Crystal Select 

F/C is a strapping option used to determine where CLK 
Is generated. A high is for the EFI input, and a low is for 
the crystal. 

Block Diagram 



External Frequency In 

A square wave in at three times the CLK output. A TTL 
level clock to generate CLK. 

Asynchronous Input 

Ready Synchronization Select. ASYNC Is an Input 
which define s the sy nchronization mode of the READY 
logic. When ASYNC is low, two stages o f READY syn- 
chronization are provided. When ASYNC is left open or 
HIGH, a single stage of READY synchronization is pro- 
vided. 

Crystal In 

A crystal is connected to these inputs to generate the 
processor clock. The crystal frequency is three times 
the desired CLK output. 

Vcc Supply Voltage 

+5 V supply. 



^ 



f;c- 

EFI- 



XTAL 
Oscil- 
lator 



>- 



>- 



_j--yC^' SYNC - 



AEN1- 
AEN2- 
RDY2- 



^ 




TO 



D Q 
CK 



+ 2 
SYNC 
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Functional Description 

The clock generator can provide the system clock from 
either a crystal or an external TTL source. There is an 
internal dIvide-by-three counter which receives its input 
from either the crystal or TTL _source (EFI pin) 
depending on the state of the F/C input strapping. 
There is also a clear input (C SYNC) which is used for 



either inhibiting the clock, or synchronizing it with an 
external event (or perhaps another clock generator 
chip). Note that if the TTL Input is used, the crystal 
oscillator section can still be used for an independent 
clock source, using the OSC output. 
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For driving the IVIOS output level, there is a 33% duty 
cycle MOS output (CLK) for the microprocessor, and a 
TTL output (PCLK) with a 50% duty cycle for use as a 
peripheral clock signal. This clocl< is at one-half of the 
processor clock speed. 

Reset timing is provided by a Schmitt trigger input (RES) 
and a flip-flop to synchronize the reset timing to the 
falling edge of CLK. Po wer-o n reset is provided by a 
simple RC circuit on the RES input. 

Absolute Maximum Ratings 



Ta = 25 "C 




Power supply voltage, V^o 


-0.5 V to +7 V 


Input voltage, V| 


-1,OVto+5.5V 


Output supply voltage, Vq 


-0.5Vto+7V 


Operating temperature, Tqpt 


-0°Cto+70°C 


Storage temperature, Tsjg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above ttiose listed in Abso- 
lute IVlaxInnunn Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

Ta = 0°C to -f70°C, Vcc = -t-5 V ±10% 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


Max 


Conditions 


Input voltage 
low/ 


V|L 






+0.8 


V 


Vcc = 5.0 V 


Input voltage 
high 


V|H 


2 






V 


Vcc = 5.0V 


Output voltage 
low 


Vol 






+QA5 


V 


5mA=loL 


Output voltage 
tiigti (CLK) 


VOH 


4 






V 


-1mA=loH 


(Ottier outputs) 


2.4 






V 


-1mA=loH 


Forward input 
current (ASYNC) 


If 

1 






-1.3 


mA 


Vf=0.45V 


(Other inputs) 






-0.5 


mA 


Vf = 0.45V 


Reverse input 
current 


Ir 






50 


hA 


Vr = 5.25V 


Input forward 
clamp voltage 


Vc 






-1.0 


V 


lc=-5mA 


Reset input tiigh 
voltage 


V|HR 


2.6 






V 


Vcc = 5.0 V 


RES input 
hysteresis 


VjHR- 
V|LR 


0.25 






V 


Vcc = 5.0 V 


Power supply 
current 


Ice 






140 


mA 





There a re two READY inputs , eac h with its own qualifier 
(AEN1, AEN2). The unused AEN signal should be tied 
low. 

The READY logic in the 8284A synchronizes the RDY1 
and RDY2 asynchronous inputs to the processor clock 
to insure proper set up time, and to guarantee proper 
hold time before clearing the ready signal. 

AC Characteristics 

Ta = 0°C to +70°C, Vcc = 5 V ± 10% 





Symbol 


Limits 




Unit 


Test 


Parameter 


Min lyp 


Max 


Conditions 


Timing Requirements 


External 
frequency time 
high 


tEHEL 


13 




ns 


90%-90% V|N 


External 
frequency time 
low 


•eleh 


13 




ns 


10%-10% V|M 


EFI period 


tELEL 


(5) 




ns 


(Note 1) 


XTAL frequency 




12 


25 


MHz 




RDY1, RDY2 
set-up to CLK 


(rivcl 


35 




ns 




RDY1, RDY2 
hold to CLK 


tCLRIX 







ns 




AEN1,AEN2 
set-up to RDY1, 
RDY2 


U1VRIV 


15 




ns 




AEN1,AEN2 
hold to CLK 


tCLAlX 







ns 




CSYNC set-up to tyHEH 
EFI 


20 




ns 




CSYNC hold to 
EFI 


tEHYL 


10 




ns 




CSYNC width 


Whyl 


2tELEL 




ns 




RES set-up to 
CLK 


t|1HCL 


65 




ns 


(Note 2) 


RES hold to CLK 


tCLIIH 


20 




ns 


(Note 2) 


RDY1, RDY2 
active set-up to 
CLK 


tRIVCH 


35 




ns 


ASYNC = Low 


RDY1, RDY2 
inactive set-up 
to CLK 


'rivcl 


35 




ns 




ASYNC set-up to tAwcL 
CLK 


50 




ns 




ASYNC hold to 
CLK 


tCLAYX 







ns 




Input rise time 


tiLIH 




20 


ns 


From 0.8 V to 2.0 V 


Input fall time 


tiLIL 




12 


ns 


From 2.0 V to 0.8 V 
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AC Characteristics (cent) 

Ta = 0°C to +70°C, Vcc = 5 V ± 10% 







UmHs 


Unit 


Tast 


PtniiiMtor Symbol 


MIn 


TVp Max 


CondMont 


Timing Responses 


CLK cycle period Iclcl 


125 




ns 




CLK time high tcHCL 


(6) 




ns 


Figure 1 and figure 
2 


CLK time low tcLCH 


(7) 




ns 


Figure 1 and figure 
2 


CLK rise and fall tcHicH2. 
time tcL2CLi 




10 


ns 


1.0Vto3.5V 


PCLK time high tpHPt 


(8) 




ns 




PCLK time low tpLPH 


(8) 




ns 




Ready inactive to tRVLCL 
CLK 


-8 




ns 


Figure 3 and figure 
4, (Note 4) 


Ready active to tRVHCH 
CLK 


(7) 




ns 


Figure 3 and figure 
4, (Note 3) 


CLK to reset tcuL 
delay 




40 


ns 




CLK to PCLK tcLPH 
high delay 




22 


ns 




CLKtoPCLKIowtcLPL 
delay 




22 


ns 




CSC to CLK high toLCH 
delay 


-5 


12 


ns 




OSCtoCLKlow toLCL 
delay 


2 


22 


ns 




Output rise time toLOH 
(except CLK) 




20 


ns 


From 0.8 V to 2.0 V 


Output fall time toHOL 
(except CLK) 




12 


ns 


From 2.0 V to 0.8 V 



Note: 

(1) d = EFI rise (5 ns ntiax) + EFI fall (5 ns max). 

(2) Set-up and hold only necessary to guarantee recognition at next 
clock. 

(3) Applies only to T3 and TW states. 

(4) Applies only to T2 states. 

(5) tEHEL+'ELEH+<' 

(6) (1fetcLCL)+2.0 

(7) (2fetcLCL)-15.0 

(8) tcLCL-20 



AC Test Circuits 

Figure 1. Clock High and Low Time 
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Figure 2. Clock High and Ijow Time 
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Figure 3. Ready to CLK 
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Figure 4. Ready to CLK Output 
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Figure 5. AC Load 
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Figure 6. Timing Measurement Points 
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Inputs ate 2.4 V and 0.45 V for logic 1 and 0, respectively. 
Timing measurements are made at 1.5 V. 
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Timing Waveform 
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A/PB8286/87 
8-BIT BUS TRANSCEIVERS 



Description 

The mPB8286 and /iPB8287 are octal bus transceivers 
used for buffering microprocessor bus lines. Being bi- 
directional, they are ideal for buffering the data bus 
lines on 8- or 16-bit microprocessors. Each B output is 
capable of driving 32 mA low or 5 mA high. 

Features 

D Data bus buffer driver for /^COI\/l-8 (8080, 8085A, 780) 

and ^COM-16 (8086) families 
D Lowinput load current -0.2 mA max 
D High output drive capability for driving system data 

bus 
n Three-state outputs 



Pin Identification 



Ordering Information 




Part 

Number Package iyp« 


I/O 
Delay, Max 


p<PB8286C 20-pin plastic DiP 


22 ns 


MPB8287C 20-pin plastic Dip 


30 ns 



Pin Configurations 



Ao 

Ai 

A2 

A3 

A4C 

A5C 

AeC 
A7C 

olc 

GND C 



nvcc 


AoC 


:]Bo 


AiC 


3B, 


A2C 


DB2 


A3C 


H B3 


A4C 


3B4 


A5C 


3B5 


AeC 


3 Be 


A7C 


3B7 


Olc 


3T 


GNDC 




No. 


Symbol 


Function 


1-8 


A0-A7 


Local data bus 


9 


OE 


Output enable 


10 


GND 


Ground 


11 


T 


Transmit 


12-19 


(fiPB8286) B7-B0 
(mPB8287) B7-B0 


System data bus 


20 


Vcc 


Power supply 



Pin Functions 

OE (Output Enable) 

This active low input control signal enables the output 
drivers selected by T. 

T (Transmit) 

This input controls the direction of data through the 
transceivers. When high, data is transferred from the 
A0-A7 inputs to the B0-B7 outputs. When low, data is 
transferred from the B0-B7 inputs to the A0-A7 outputs. 

A0-A7 (Local Data Bus) 

A0-A7 are bidirectional drivers that, depending on the 
state of the transmit pin, accept data from or transfer 
data to the processor's local bus. 

Bq- B7 (System Data Bus) 

B0-B7 are bidirectional drivers that, depending on the 
state of the transmit pin, accept data from or transfer 
data to the system bus. 

GND (Ground) 

This is the ground. 

Vcc (Power Supply) 

This is the -f 5 V power supply. 
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Block Diagram 



8286 




OE 


T 


RESULT 





1 
1 




1 


1 


A^B 

A^B 

"l A and B are 

J high impendace 



8287 




Functional Description 

MOS microprocessors like the 8080 /8085A/ 8086 are 
generally capable of driving a single TTL load. This also 
applies to MOS memory devices. While sufficient for 
minimum type small systems on a single PC board, it is 
usually necessary to buffer the microprocessor and 
memory signals when a system is expanded or signals 
go to other PC boards. 

These octal bus transceivers are designed to do the 
necessary buffering. 

Bidirectional Driver 

Each buffered line of the octal driver consists of two 
separate three-state buffers. The B side of the driver is 
designed to drive 32 mA and interface the system side 



of the bus to I/O, memory, etc. The A side is connected 
to the microprocessor. 

Control Gating, OE, T 

The OE (output enable) input is an active low signal 
used to enable the drivers selected by T on to the 
respective bus. 

T is an input control signal used to select the direction 
of data through the transceivers. When T is high, data is 
transferred from the A0-A7 inputs to the B0-B7 outputs, 
and when low, data Is transferred from B0-B7 to the 
A0-A7 outputs. 
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Absolute Maximum Ratings 

Ta = 25°C 



AC Ciiaracteristics 



Power supply voltage, Vcc 


-0.5Vto+7V 


Input voltage, V| 


-1.0Vto+5.5V 


Output voltage, Vq 


-0.5Vto+7V 


Operating temperature, Tqpt 


0°C to +70°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above tiiose listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

TA = 0°Cto •f70°C,Vcc= -1-5 V ±10% 



Umits 



Parameter Symbol MIn lyp Max Unit 



Test 
Conditions 



Input voltage V|l 
low —Aside 



+0.8 



V Vcc = 5.0 V, 
(Motet) 



— B side 




-hO.9 


V 


Vcc = 5.0 V, 
(Note 1) 


Input voltage V|h 
high 




2 


V 


Vcc +5.0 V, 
(Note 1),F=1 MHz 


Output voltage Vql 
low— B outputs 




-1-0.45 


V 


IOL=32mA 


—A outputs 




-t-0.45 


V 


IOL=16mA 


Output voltage Vqh 
high — B outputs 


2.4 




V 


loH = -5mA 


—A outputs 


2.4 




V 


IOH=-1mA 


Input clamp Vc 
voltage 




-1 


V 


lc = -5mA 


Input forward Ip 
current 




-0.2 


/^ 


Vf = 0.45V 


Input reverse Ir 
current 




50 


1^ 


Vr = 5.25V 



Power supply 
current 
/.<PB8287 



'cc 



130 mA 



f*PB8286 




160 


mA 


Output off 
current 


Iqff 


If 


Voff=0.45V 


Output off 
current 


Iqff 


Ir 


Voff=5.25V 



Note: 

(1) B outputs — JQL = 32 mA, loH = - 5 mA, Cl = 300 pF 
A outputs — Iql = 16 mA, Iqh = - 1 "iA, Cl = 100 pF 



TA=0°Cto -^■70°C,Vcc = 5V±10% 






Limits 


Unit 


Test 


Parameter Symbol MIn IVp Max 


Conditions 



Input to output tivov 
delay 
Inverting 5 22 ns 

Non-inverting 5 30 ns 



Transmit/ receive tgHTV 
hold time 


tEHOZ 




ns 


Transmit/ receive tjvEL 
setup 


10 




ns 


Output disable 
time 


tEHOZ 


5 


22 


ns 


Output enable 
time 


tELOV 


10 


30 


ns 


I/O rise time 


tjLIH 
tOLOH 




20 


ns 


I/O fall time 


tjHIL 
tOHOL 




12 


ns 



AC Test Conditions 



yt 



X 



A.C. Testing: Inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic 
"0" timing. Measurements are made at 1.5 V for both logic "1" and "0". 

83.002806A 
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Test Load Circuits 



B Output 15V 
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::i:300pF 

Switching 

A Output 2.28V 

>Ti4a 

OUT o 1 

: ; ioopF 
Switching 



Timing Waveform 





iNPvra 
ei 


) 


( 










/ 


/ s 


^ 




-TIVOV.. 


- 


TEHOZ 


— TELOV— 

■ VoH_+0_lV 


< 


- 


OUTruTt 


) 


( 


J 


1.6V 
1.4 V 










TEMTV 4 


»-TTVEl 


T 




X 



8-130 



NEC 

NEC Electronics Inc. 



/iPB8288 

CPU SYSTEM 

BUS CONTROLLER 



Description 

The /nPB8288 bus controller is used in medium to large 
iuPD8086/fiPD8088 systems. This 20-pin bipolar com- 
ponent provides command and control timing genera- 
tion, as well as bipolar drive capability and optimal 
system performance. It provides both IVIultibus® com- 
mand signals and control outputs for the 
microprocessor system. There is an option to use the 
controller with a multimaster system bus and 
separate I/O bus. 

Features 

n System controller for p<PD8086//nPD8088 systems 

D Bipolar drive capability 

D Provides advanced commands 

D Three state output drivers 

n Can be used with an I/O bus 

D Enables interface to one or two multimaster buses 



Pin Configuration 



Ordering information 




Part Package 
Number Type 


Max Frequency 
of Operation 


/:iPB8288D 20-pin cerdip 


10 MHz 



® Multibus is a registered trademarl< of Intel Corp. 



lOBC 1 


"vy 


20 


3Vcc 




CLK C 2 




19 


DSO 




SI C 3 




18 


DS2 




DT/SC 4 


» 


17 


U MCE/PDEN 




ALEC 


5 


^ 


16 


DDEN 




AENC 


6 


£ 


15 


IjCEN 




MRDC C 


7 




14 


J INTA 




AMWCC 


8 




13 


n lORc 




MWTCC 


9 




12 


J AlOWC 




GNDC 


10 




11 


3 lowc 


83-002678A 













Pin identification 


No. 


Symbol 


Function 


1 


lOB 


I/O bus mode selector input 


2 


CLK 


Clock input 


3 


Si 


Status input 


4 


DT/R 


Data transmit/receive 


5 


ALE 


Address latcli enable output 


6 


AEN 


Address enable input 


7 


MRDC 


Memory read command output 


8 


AMWC 


Advanced memory write command output 


9 


MWTC 


Memory write command output 


10 


GND 


Ground 


11 


lOWC 


I/O write command output 


12 


AlOWC 


Advanced I/O write command output 


13 


lORC 


I/O read command output 


14 


INTA 


Interrupt acknowledge output 


15 


CEN 


Command enable input 


16 


DEN 


Data enable output 


17 


MCE/PDEN 


Master cascade enable/peripheral data 
enable output 


18 


S2 


Status input 


19 


SO 


Status input 


20 


vcc 


H-5 V power supply 
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Pin Functions 



AEN (Address Enable) 

In the I/O system bus mode, AEN enables the com- 
mand outp uts o f the )iPB8288 105 ns after It becomes 
active. If AEN Is Inactive, the command outputs 
become high impedance outputs. 



AlOWC (Advanced I/O Write Command) 

This write command occurs earlier In the machine cy- 
cle than the iOWC command. 

ALE (Address Latch Enable) 

This signal is used for controlling transparent D-type 
latches (pjPB8282//iPB8283). It will strobe In the ad- 
dress on a high to low transition. 



AMWC (Advanced Memory Write Command) 

This Is an advanced write command which occurs ear- 
ly In the machine cycle, with timing the same as the 
read command. 

CEN (Command Enable) 

This signal enables all command and control outputs, 
if CEN is low, these outputs are Inactive. 

CLK (Clock) 

The clock signal from the )iPB8284 clock generator 
synchronizes the generation of command and control 
signals. 

DEN (Data Enable) 

This signal enables the data transceivers onto the 
bus. 

DT/R (Data Transmit/Receive) 

This signal is used to control the bus transceivers in 
a system; high for writing to I/O or memory and low 
for reading data. 



I NT A (Interrupt Acknowledge) 

INTA is used to signal an interrupting device to put 
the vector Information on the data bus. 

lOB (I/O Bus Mode) 

Sets mode of nPB8288; high for the I/O bus mode and 
low for the system bus mode. 



lORC (I/O Read Command) 

This signal enables the CPU to read data from an I/O 
device. 



IOWC (I/O Write Command) 

This command Is for transferring Information to I/O 
devices. 



MCE/PDEN (Master Cascade Enable/ 
Peripheral Data Enable) 

Dual function pin system. (MCE) In the bus mode, this 
signal is active during an Interrupt sequence to read 
the cascade address fro m the m aster interrupt con- 
troller onto the data bus. (PDEN) In the I/O bus mode. 
It enables the transceivers for the I/O bus just as DEN 
enables bus transceivers in the system bus mode. 



MRDC (Memory Read Command) 

This active low signal is for switching the data from 
memory to the data bus. 



MWTC (Memory Write Command) 

This signal is used t o transfe r the data bus to memory, 
but not as early as AMWC. (See timing waveforms). 

GND (Ground) 

Ground. 

SO, SI, S2 (Status Input Pins) 

The fiPB8288 decodes these status lines from the 
liiPD8086 to generate command and control signals. 
When not in use, these pins are high. 

Vcc (Power Supply) 

-1-5 V power supply. 
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Block Diagram 
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HEC 



Absolute Maximum Ratings 

Ta = 25°C 



Power supply voltage, Vqd 


-0.5 to +7.0 V 


Input voltage, V| 


-1.0 to +5.5 V 


Output voltage, Vq 


-0.5 to +7.0 V 


Operating terfiperature, Topt 


to +70''C 


Storage temperature, Tstg 


-65 to +150°C 



Comment: Exposing the device to stresses above ttiose listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum ratings for extended periods may 
affect device reliability. 

DC Ciiaracteristlcs 

Ta = to +70°C; Vcc = 5 V ±10% 





Symbol 


Limits 


Unit 


Test 


Parameter 


Mln 


Max 


Conditions 


Input high voltage 


V|H 


2.0 




V 




Input low voltage 


V|L 




0.8 


V 




Input clamp voltage 


Vc 




-1 


V 


Ic = -5 mA 


Output high voltage 


VOH 


2.4 




V 


loH = -5 mA 


(command) 
(control) 




2.4 




V 


loH = -1 mA 


Output low voltage 


Vol 




0.5 


V 


Iql = 32 mA 


(command) 
(control) 






0.5 


V 


loL = 16 mA 


Forward input current 


If 




-0.7 


mA 


Vf = 0.45 V 


Reverse input current 


Ir 




50 


mA 


Vr = Vcc 


Output off current 


Iqff 




100 


^*A 


VoFF = 0.4 V 
to 5.25 V 


Power supply current 


Ice 




230 


mA 





AC Ciiaracteristics 

Ta = to +70°C; Vcc = 5 V ±10% 



Timing Requirements 




Limits 




Parameter Symbol IMin IMax Unit 


Loading 



CLK cycle period 


tCLCL 


100 


ns 


CLK low time 


tCLCH 


50 


ns 


CLK high time 


tCHCL 


30 


ns 


Status active setup time 


tsVCH 


35 


ns 


Status active hold time 


^CHSV 


10 


ns 


Status inactive setup time 


^SHCL 


35 


ns 


Status inactive hold time 


tCLSH 


10 


ns 


Input rise time 


tiLIH 


20 ns 



Input fall time Iihil 12 ns 




Timing Responses 


Limits 




Parameter Symbol IMin Rfiax Unit 


Loading 



Control active delay 



tCVNV 



45 ns 



Control inactive delay tcvNX 10 ^5 ns 



ALE MCE active delay 
(from CLK) 



tcLLH/ 20 ns 



ALE MCE active delay 
(from status) 



tsvLH 20 ns lORC 

tsVMCH MWTC Iql = 32 mA 



ALE inactive delay 



tcHLL 4 15 ns lOWC Iqh = -5 mA 



Command active delay Iclml 10 35 ns INTA Cl = 300 pF 
Command inactive delay Iclmh 10 35 ns AMWC 



Direction control 
active delay 



tCHDTL 



50 ns AlOWC 



Direction control 
inactive delay 



tCHDTH 



30 ns 



Command enable time Iaelch 



40 ns 



Command disable time 



Enable delay time 



AEN to DEN 



CEN to DEN, PDEN 



tAEHCZ 40 ns 

Uelcv 115 200 ns Iql = 16 mA 

tAEVNV 20 ns Other] Iqh = -1 nnA 

ICEVNV 25 ns Cl = 80 pF 



CEN to command 



tCELRH 



ICLML IS 



Output rise time 



tOLOH 



20 ns 



Output fall time 



tOHOL 



12 ns 
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Timing Waveforms 

Timing Measurement Points 



Test Load Circuits 



Input/Output 



Vl.5-«-Test Points-^ 1-5 V 



A.C. Testing: Inputs are Driven at 2.4 V for a Logic "1" and 0.45 V for 
a Logic "0" Timing. Measurements are Made at 1.5 V for Both 
a Logic "1" and "0." 



DEN, PDEN Qualification Timing 



1 


CEN ^ 




AEN 








•*— tAEVN 


V -*• 




DEN 


s 
/ 


[ } 






« tcEVNV ► 


PDEN . 


/ 
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fjPD8288 Address Enable (AEN) Timing 
(Three State Enable/Disable) 



:iz 300 pF 



^300pF 



Three State to High Three State to Low 

Three State Command Output Ibst Ljoad 



2.14 V 



7ri 300 pF 



Command Output 
Test Load 



2.28 V 



Control Output 
Test Load 



rt^ 



tAELCH ■ 



Output °-5 V / 

Command ♦ 




/" 



/ 



\—r Vqh 



- tCELRH 



1 
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Timing Waveforms (cont) 

State Timing 



State ■« T4- 



^2)^1, So ' 



T 



MR DC, lORC, INTA 
AMWC, AlOWC 



DEN <"*'"'>. 

"^" (INTA) 

PDEN <"*'">■ 

'^"''" (INTA) 



DEN (Write) ' 
PDlN (Write) ■ 



DT/R (Read) 



r 



•CLMCH— * 



\ 



I 



X 



a 



;rc:r"v_y^^ 



-tsvCH •0HCL-*l 

•CLSH-^ 



Addr 
Valid 



X 



—-\ l^-tCHLL 
•SVLH 



\ 

f2) >■ 



\ 



\ 



I 



\ 



Write 
Data Valid 



\ 



7" 



\ 



\ 

r 



-tcVNV 



/ 



\ 



\ 



£ 



V 

h— t, 



tsVMCH 



Note: 

(1) Address/data bus Is shown only for reference purposes. 

(2) Leading edge of ALE and MCE Is determined by the falling edge of CLK or status going 
active, whichever occurs last. 

(3) All timing measurements are made at 1.5 V unless specified otherwise. 
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Functional Description 

The three status lines (SO, SI, S2) from the /1/PD8O86 
CPU are decoded by command logic within the 
p«PB8288 to determine which command is to be 
issued. Table 1 below illustrates the decoding and 
command generation of the status lines. 

Table 1. Status Line Decoding 



S2 


SI 


so 


^PD8086 State 


^PB8288 Command 











Interrupt acknowledge 


INTA 








1 


Read I/O port 


lORC 





1 





Write I/O port 


lOWC, 
AlOWC 





1 


1 


Halt 


None 


1 








Code access 


MRDC 


1 





1 


Read memory 


MRDC 


1 


1 





Write memory 


MWTC, 
AMWC 


1 


1 


1 


Passive 


None 



There are two ways the command is Issued depending 
on the mode of the /iPB8288. 

The I/O bus mode is enabled if the JOB pin is pulled 
high. In this mode, all I/O command lines are always 
enabled and not dependent upon AEN. When the pro- 
cessor sends out an I/O comman d, the )LjPB8288_ac- 
tlvates the command lines using PDEN and DT/R to 
control any bus transceivers. 

This mode is advantageous If I/O or peripherals 
dedicated to one microprocessor are in a multi- 
processor system, allowing the mPB8288 to control 
two external buses. No waiting is required when the 
CPU needs to access the I/O bus, as an AEN low 
signal is needed to gain normal memory access. 

If the lOB pin is tied to ground, the )i/PB8288 is in the 
system bus mode. In t his m ode, command signals are 
dependent upon the AEN line. T hus the command 
lines are activated 105 ns after the AEN line goes low. 
In this mode, t here must be some bus arbitration logic 
to toggle the AEN line when the bus is free for use. 
Here, both memory and I/O are shared by more than 
one processor, over one bus, with both memory and 
I/O commands waiting for bus arbitration. 

Among the command outputs are some advanced 
write commands which are initiated early in the 
machine cycle and can be used to prevent the CPU 
from entering unnecessary wait states. 



The INTA signal acts as an I/O read during an inter- 
rupt cycle. This is to signal the interrupting device that 
its interrupt is being acknowledged, and to place the 
interrupt vector on the data bus. 

The control outputs of the fiPB8288 arejjsed to con- 
trol the bus transceivers in a system. DT/R determines 
the direction of the data transfer, and DEN is used 
to enable the o utputs of the transceiver. In the lOB 
mode the MCE/PDEN pin acts as a dedicated data 
enable signal for the I/O bus. 

The MCE signal is used in conjunction with an inter- 
rupt acknowledge cycle to control the cascade ad- 
dress when more than one interrupt controller (such 
as a jLtPD8259A) is used. If there is only one interrupt 
contr oller in a system, MCE is not used because the 
INTA signal gates the interrupt vector onto the pro- 
cessor bus. In multiple interrupt controller systems, 
MCE is used to gate the jnPD8259A's cascade address 
onto the processor's local bus, where ALE strobes it 
into t he address latches. This oc curs d uring the first 
INTA cycle. During the second INTA cycle the ad- 
dressed slave /iPD8259A gates its interrupt vector on- 
to the processor bus. 

The ALE signal occurs during each machine cycle and 
is used to strobe data intojthe address latches and 
to strobe the status (SO, S1, S2) into the mPB8288. ALE 
also occurs during a halt state to accomplish this. 

The CEN (Command Enable) is used to control the 
command lines. If pulled high, the /iPB8288 functions 
normally, and if grounded, all command lines are 
inactive. 
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Description 

The /iPB8289 bus arbiter is used witli the /iPB8288 bus 
controller to interface 8086 and 8088 microprocessors 
to a multimaster system bus. The ^PB8289 controls 
the f/PB8288 bus controller and the bus transceivers 
and address latches, preventing them from access- 
ing the system bus if the processor does not have use 
of the bus. 

An external command sequence will cause the 
associated microprocessor to enter a wait state un- 
til the bus is ready. The processor remains in the wait 
state until the bus arbiter acquires use of the 
multimaster system bus. Then, the arbiter allows the 
bus controller, data transceivers, and address latches 
to access the system. 

Once use of the bus has been acquired and data has 
been transferred, transfer acknowledge (XACK) is 
returned to the processor to indicate that the ac- 
cessed slave device is ready. The processor may then 
complete its transfer cycle. 

Features 

n Multimaster system bus protocol 

n 8086 and 8088 processor synchronization with 

multimaster bus 
D Simple interface with the 8288 bus controller and 

8283/8282 address latches to a system bus 
D Four operating modes for flexible system 

configuration 
n Simplified interface to Multibus® systems 
D Parallel, serial, and rotating priority resolution 
D Bipolar buffering and drive capability 



Ordering Information 




Part Package 
Number Type 


Max Frequency 
of Operation 


/iPB8289D 20-Pin Cerdip 


8 MHz 



Multibus is a registered trademark of Intel Corporation. 



Pin Configuration 



SiC 


1 


^^ 


20 


3Vcc 




iOBE 


2 




19 


DS^ 




SYSB/RESB C 


3 




18 


DSi 




RESBC 


4 




17 


3 CLK 




BCLKC 

iNirn 


5 
6 


\ 


16 
15 


3 LOCK 




J CRQLCK 


BREQL 


7 




14 


D ANYRQST 




BPROC 


8 




13 H AEN 




BPRNC 


9 




12 


DCBRQ 




GNDC 


10 




11 


DBUSY 


83-002819A 













Functional Configuration 



vcc 



Processor 
Status 



Control 

strapping 

Options 



So 
§1 
S2 

LOCK 
CLK 



CRQLCK 
RESB 
ANYRQST 
iOB 



INIT -» 

bSlk 
Breq 

BPRN 

BPr5 

•BUS? 

C§r5 



. Multibus 
Interface 



- SYSB/RESB 1 System 
AEN I Signals 



Pin Identification 




No. 


Symbol 


Function 


1, 18, 


19 S0-S2 


Status inputs 


2 


IOB 


I/O bus input 


3 


SYSB/RESB 


System bus/resident bus inputs 


4 


RESB 


Resident bus input 


5 


BCLK 


System bus clock input 


6 


inIt 


Initialize input 


7 


BREQ 


Bus request output 


8 


BPRO 


Bus priority output 


9 


BPRN 


Bus priority input 


10 


GND 


Ground 


11 


BUSY 


Bus interface signal I/O 


12 


CBRQ 


Common bus request I/O 


13 


AEN 


Address enable output 


14 


ANYRQST 


Any request input 


15 


CRQLCK 


Common request lock input 


16 


LOCK 


Lock input 


17 


CLK 


Clock input 


20 


Vcc 


+ 5 V power supply 
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Pin Functions 

So-S2 (Status Inputs) 

The (iPB8289 decodes these status Inputs from the 
8086 or 8088 processor to begin bus requests and 
surrenders. 

[OB (I/O Bus) 

This input signal tells the//PB8289 that there is an 1/0 
peripheral bus and a multimaster systenn bus. 



SYSB/RESB (System Bus/Resident Bus) 

This input determines when bus requests and sur- 
renders are permitted In SR mode. 



RESB (Resident Bus Input) 

RESB tells the jiPB8289 that there is a multimaster 
and resident bus. When the signal is high, the 
SYSB/RESB pin handles bus arbitration. 



BLCK (System Bus Clock) 

This clock input synchronize all system bus interface 
signals. 

iNff (Initialize) 

This active low-input resets all bus arbiters on the 
multimaster bus. No arbiters have use of the bus 
following INIT. 



BREQ (Bus Request) 

An arbiter uses this output to request use of the 
multimaster system bus. 



CBRQ (Common Bus Request) 

This signal is an input from a lower priority arbiter re- 
questing the bus. It is an output from arbiters that sur- 
render the multimaster bus upon request. 

AEN (Address Enable) 

This output tells the 8288 bus controller, 8284 clock 
driver, and the processor's address latches when to 
tri-state their output drivers. 

ANYRQST (Any Request) 

This signal allows the multimaster bus to be sur- 
rendered to a lower priority arbiter. 



CRQLCK (Common Request Lock) 

This input prevents the jiiPB8289 from s urrend ering the 
bus in response to a request on the CBRQ input. 



LOCK (Lock) 

This input prevents the arbiter from surrendering the 
multimaster system bus to any other bus arbiter, 
regardless of its priority. 

CLK (Clock) 

This is the clock signal from the 8284 clock generator. 

GND (Ground) 

This is the ground. 

Vcc (Power Supply) 

This is the -fS V power supply. 



BPRO (Bus Priority Output) 

In serial pr iority r esolving schemes, this output daisy- 
chains to BPRN of the next lower priority arbiter. 



BPRN (Bus Priority Input) 

This input tells the arbit er it m ay acquire the bus on 
the next falling edge at BCLK. 



BUSY (Bus Interface Signal) 

When the bus is available, this I/O signal notifies all 
arbiters on the bus. The highest requesting arbiter 
seizes the bus and pulls BUSY low to keep other ar- 
biters off the bus. 
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Block Diagram 



8086/8088 
Status 



State 
Generator 



v^^ 



Processor . 
Control 



LOCK 

CLK 

CRQCLK 

RESB 

ANYRQST 

iOB 



^^^ 



Multibus 
Interface 



rRTr 

BCD? 

BRIQ 

BPRN 

BPrO 

BDSy 

CBFR3 



Multibus 

Command 

Signals 



Local 

Bus 

Interface 



SYSB/ReSI . 



System 
Signals 



Functional Description 

Bus Master Arbitration 

Higher priority masters generally acquire use of the 
bus when a lower priority master completes its pre- 
sent transfer cycle. Lower priority masters acquire the 
bus when no higher priority master is accessing the 
system bus. The ANYRQST strapping option allows 
the arbiter to surrender the bus to a lower priority 
master as if it were a higher priority master. The ar- 
biter maintains the bus as long as no other bus 
masters are requesting the bus and its processor has 
not entered the halt state. The arbiter does not volun- 
tarily surrender the bus and must be forced off by a 
request from another bus master, unless the arbiter's 
processor has entered the halt state. Additional strap- 
ping options allow for other sets of conditions. 

Priority Resolving Tecliniques 

The juPB8289 provides several techniques for resolv- 
ing priority between the many possible bus masters 
of a multimaster system bus. All of these techniques 
assume that one bus master will have priority over all 
others at any given time. You may use parallel, serial, 
or rotating priority resolving. 



Parallel Priority Resolving 

This te chnique (figures 1, 2) uses a bus request line 
(BREQ) fo r each arbiter on the multimaster system 
bus. Each BREQ line goes to a priority encoder that 
genera tes the address of the highest priority active 
BREQ line. This binar y addre ss is decoded to select the 
bus priority in line (BPRN) that is returned to the 
highest priorit y arbiter. The arbiter that receives 
priority (BPRN true) allows its bus master onto the 
multimaster system bus as soon as the bus becomes 
available. An arbiter that gets priority over another 
arbiter cannot immediately seize the bus, but must wait 
until the current bus transaction is complete. When the 
transaction is complete, the curren t occupant o f the 
bussurrendersthe bus by releasing BUSY. BUSY is an 
active low OR tied line which goes to every arbiter on 
the system bus. When BUSY goes high (i nactiv e), the 
priority arbiter seizes the bus and brings BUSY low to 
keep other arbiters off the bus. Note that all multi- 
master system bus t ransactions are synchronized to 
the bus clock (BCLK). 
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Figure 1. Parallel Priority Resolving 
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Figure 2. Higher Priority Arbiter Obtaining fhe Bus from a Lower Priority Arbiter 



r-K/-\f 




"A/-AAAAA 


1 

V 




BREQ "J;^ 
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1 






BPRN pY\ \ 


BUSY <^ 


A 


Note: 

(1) Higher priority arbiter requests the system bus. 

(2) Attains priority. 

(3) Lower priority art>lter releases BUSY. 

(4) Higher priority ari>lter then acquires the bus and pulls BUSY low. 
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Serial Priority Resolving 

The serial priority resolving technique (figure 3) daisy- 
chains the bus arbiters toget her by conne cting t he 
higher priority arbiter's BPRQ output to the BPRN of 
the next lowest priority arbiter. This eliminates the 
need for the priority encoder-decoder arrangement. 
The number of arbiters that m ay be daisy-chained 
together is a function of BCLK and the propagation 
delay from arbiter to arbiter. At 1 MHz, only 3 arbiters 
may be daisy-chained. 

Figure 3. Serial Priority Resolving 
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Rotating Priority Resolving 

This technique resembles the parallel priority resolv- 
ing technique except that priority is dynamically 
reassigned. The priority encoder is replaced by a cir- 
cuit that rotates priority between arbiters to allow 
each arbiter an equal chance to use the system bus. 

Modes of Operation 

The jnPB8289 has two basic operating modes: I/O 
peripheral bus mode (JOB mode), and resident bus 
mode (RESB mode). The IOB_strapplng option con- 
figures the iuPB8289 Into lOB mode and the RESB 
strapping option configures it to RESB mode. If both 
options are strapped false, the arbiter interfaces the 
processor to a multimaster system bus only. If both 
options are strapped true, the arbiter interfaces the 
processor to a multimaster system bus, a resident 
bus, and an I/O bus. Figure 4 shows the//PB8289 in a 
typical CPU system. 



lOB Mode 

iOB mode allows the processor to access both an I/O 
peripheral bus and a multimaster system bus. On an 
I/O peripheral bus, all devices on the bus, including 
memory, are treated as I/O devices and addressed by 
I/O commands. All memory commands are directed 
to the multimaster system bus. In IOB mode, the proc- 
essor communicates with and controls peripherals 
over the peripheral bus and communicates with 
system memory over the system memory bus. Figures 
shows the/uPB8289 in this mode. 

RESB Mode 

RESB mode allows the processor to communicate 
over both a resident bus and a multimaster system 
bus. A resident bus can issue memory and I/O com- 
mands, but it is separate from the multimaster system 
bus. The resident bus has one master and is 
dedicated to only that master. The 8086 and 8088 can 
communicate with a resident bus and a multimaster 
system bus. The processor can access the memory 
and peripherals of both buses. Memory mapping 
selects which bus is accessed. The SYSB/RESB in- 
put on the arbiter instructs the arbiter on which bus 
to access. The signal connected to SYSB/RESB also 
enables and disables commands from one of the bus 
controllers. Figure 6 shows the//PB8289 in this mode. 
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Mode Summary 











Single 


status Lines 








Bus Mode 


From 8086 or 


lOB Mode 


RESB (Mode) Only 


lOB Mode RESB Mode 


lOB = High 


8088 or 8089 


Only 


lOB = High RESB = High 


lOB = Low RESB = High 


RESB = Low 





S2 


si 


so 


lOB 


s 1 


Low 


SYSB/RESB = 
High 


SYSB/RESB = 
Low 


SYSB/RESB = 
High 


SYSB/RESB = 
Low 

















X 




ly 


X 


X 


X 


I/" 


l/G commands 








1 




X 




1^ 


X 


X 


X 


►^ 







1 







X 




^ 


X 


X 


X 


^ 


Halt 





1 


1 




X 




X 


X 


X 


X 


X 


Memory commands 


1 










1^ 




(^ 


X 


v' 


X 


y' 




1 





1 




1^ 




»^ 


X 


1^ 


X 


v' 




1 


1 







►^ 




1^ 


X 


(^ 


X 


1^ 


Idle 


1 


1 


1 




X 




X 


X 


X 


X 


X 



Notes: 

(1) X = Multinfiaster system bus is allowed to be surrendered. 

(2) v^ = Multlmaster system bus is requested. 

Multimaster System Bus 

Mode 



Pin Strapping Requested (1) 



Surrendered (2) 



Single bus lOB = high When the pro- HLT -i- Tl • HPBRQt 
multimaster RESB = low cesser's status 
mode lines go active 

RESB mode iOB = high SYSB/RESB = (SYSB/RESB = low 
only RESB = high High 2 active -i- Tl) CBRQ -h 

HLT -H HPBRQ 



IOB mode IOB = low Memory 
only RESB = low commands 



(I/O status + Tl) 
CBRQ -I- HLT -I- 
HPBRQ 



IOB mode • IOB = low (Memory 
RESB mode RESB = high comma nd) » 

(SYSB/RESB = 
high) 



(I/O status 
comma nds) - h (Tl) 
(SYSB/RESB = low) 
• CBRQ + HPBRQt 
+ HLT) 



Note: 

(1) Except for HALT and idle status. 



(2) LOCK prevents surrender of bus to any other arbiter. CRQLCK 
prevents surrender of bus to a lower priority arbiter. 

(3) HLT = processor halt; S2-S0 = 011. 

(4) Tl = processor idle; S2-S0 = 111. 

(5) ■>r means OR. 

(6) • means AND. 

t HPBRQ = higher priority bus request or BPRN = 1. 



Absolute Maximum Ratings 

Ta = 25''C 



Operating temperature 


0°C to 70°C 


Storage temperature 


-65°Cto +150°C 


Voltage on any pin 


-0.5 V to -1-7 V 


All input voltages 


-1.0 V to -H5.5 V 


Power dissipation 


1.5W 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 



Ta = 0°Cto -i-70°G; Vcc 


; = 


5 V ± 


10% 








Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input low voltage 


V|L 






0.8 


V 




Input high voltage 


V|H 


2.0 






V 




Input clamp 
voltage 


Vc 






-1.0 


V 


Vcc = 4.50 V, 
Ic = -5 mA 


Input forward 
current 


If 






-0.5 


mA 


Vcc = 5.50 V, 
Vf = 0.45 V 


Reverse input 
leakage current 


Ir 






60 


^A 


Vcc = 5.50 V 
Vr = 5.50 V 



Output low 

voltage 

BUSY, CBRQ 

AEN 

BPRO, BREQ 


Vol 




0.45 
0.45 
0.45 


V 
V 
V 


Iql = 20 mA 
Iql = 16 mA 
Iql = 10 mA 


Output high 


VOH 


Open collector 






voltage BUSY, 
CBRQ 


2.4 




V 


Iqh = 400 mA 



All other outputs 



Power supply 
current 



Ice 



165 mA 
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Capacitance 





Limits 




Unit 


Test 


Parameter 


Symboi IWin Typ 


IVIax 


Conditions 


Input capacitance 


C|N Status 


25 


PF 




Input capacitance 


C|N (others) 


12 


PF 





Note: 

1) BUSY, CBRQ 

I 2.3 V 
< 92.5 a 



2)AEN 



1250 pF 




3) BPRO, BREQ 

I 2.3 V 
< 170 n 



100 pF 



^60 pF 



Figure 4. Typical CPU System Using the jjPD8289 Bus Arbiter 
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Figure 5. Typical Medium-Complexity lOB System 
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Figure 6. Typical System, Resident Bus Configuration 
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DT/R 
DEN 



lOB 
ALE 



/■ N. 8286/8287 /^ 

\ J Transceiver C 

\ i/ (2) \ 
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'By adding another 8289 arbiter and connecting its AEN to the 8288 whose AEN is presenty grounded, 
the processor could have access to two multi-master buses. 
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AC Characteristics 

Ta = 0°Cto +70°C;Vcc = 5V ±10% 



Timing Response 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


CLK cycle period 


tCLCL 


125 






ns 




CLK low time 


tCLCH 


65 






ns 




CLK liigh time 


tCHCL 


35 






ns 




Status active 
setup 


tsVCH 


65 


tCLCL-10 


ns 




Status inactive 
setup 


tSHCL 


50 


tCLCL-10 


ns 




Status active 
hold 


^HVCH 


10 






ns 




Status inactive 
hold 


tHVCL 


10 






ns 




BUSYH setup to 
BCLW 


Ibysbl 


20 






ns 




CBRQtl setup to 
BCLW 


tCBSBL 


20 






ns 




BCLK cycle time 


tSLBL 


100 






ns 




BCLK high time 


tBHCL 


30 


0.65 


(tBLBL) 


ns 




LOCK inactive 
hold 


tCLLLI 


10 






ns 




LOCK active 
setup 


tCLLL2 


40 






ns 




BPRNW to BCLK 
setup time 


tpNBL 


15 






ns 




SYSB/RESB 
setup 


tCLSRI 









ns 




SYSB/RESB hold 


tCLSR2 


20 






ns 




Initialization 
pulse wfidth 


tjVIH 


3 tBLBL 
3 tcLCL 


+ 




ns 




Input rise time 


t|LIH 






20 


ns 


From 0.8 V to 
2.0 V 


Input fall time 


tjHIL 






12 


ns 


From 2.0 V to 
0.8 V 





Symbol 


Limits 




Unit 


Test 


Parameter 


Min Typ 


Max 


Conditions 


BCLK to BREQ 
delay (1) 


^BLBRL 




35 


ns 




BCLK to BPRO 
(1){2) 


tBLPOH 




40 


ns 




BPRNW to 
BPROIt 
delay (i)(2) 


tpNPO 




25 


ns 




BCLK to BUSY 
low/ 


^BLBYL 




60 


ns 




BCLK to BUSY 
float (3) 


*BLBYH 




35 


ns 




CLK to AEN high 


tCLAEH 




65 


ns 




BCLK to AEN low/ 


^BLAEL 




40 


ns 




BCLK to CBRQ 
low 


^BLCBL 




60 


ns 




BCLK to CBRQ 
float (3) 


tRLCRH 




35 


ns 




Output rise time 


tOLOH 




20 


ns 


From 0.8 V to 
2.0 V 


Output fall time 


tQHOL 




12 


ns 


From 2.0 V to 
0.8 V 



Note: 

(1) Denotes that the spec applies to both transitions of the 
signal. 

(2) BCLK generates the first BPRO. Subsequent changes of 
BPRO are generated through BPRON. 

(3) Measured at 0.5 V above GND. 

AC Test Condition 



I.S-i Test Points ►I.S- 



AC Testing inputs are driven at 2.4V lor LOGIC 1 and 0.45V for LOGiC 0. Tlie clocii is 
driven at 4.3V and 0.25. Timing measurements are made at 1 .5V for LOGiC 1 and 0. 
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Timing Waveforms 

The signals related to CLK are typical processor 
signals and do not relate to the de picted sequence of 
events of the signals r eferen ced to BCLK. The signals 
shown related to the BCLK represent a hypothetical 
sequence of events for illustration. Assume three bus 
arbiters of priorities 1 , 2, and 3 configured in the serial 
priority resolving scheme. 



Assume arbiter 1 has the bus and is holding BUSY low. 
Arbiter 2 detects its pro cessor wants the bus and pulls 
BREQ #2low . If BP RN #2 is high (as shown), arbiter 2 
pulls CBRQ low. CBRQ signals to higher-priority 
arbiter 1 that a lower-priority arbiter w ants th e bus. A 
higher-priority arbiter would be given BPRN when it 
makes the bus request rather than having to wa it for 
another arbiter to release the bus through CBRQ. 

Arbiter 1 relinquishes the multimaster system bus 
when i t enters a stat e of no t requiring it, by lowe ring its 
BPRO #1 (tied to BPRN #2) and releasin g BUS Y. 
Arbiter 2 now sees that it has pr iority from BP RN #2 
being low and releases CBRQ. As soon as BUSY 
signifie s the bus is available (high) , arbit er 2 pulls 
BUSY low on the next falling edge of BCLK. 

Note that if arbiter 2 didn't want the bus at the time it 
received priority, it would pass p riority to the next 
lower priority by lowering its BPRO #2 (TPNPO). Note 
also that even a hi gher-p riority arbiter which is a quiring 
the bus through BPRN will momentarily drop CBRQ 
until it has acquired the bus. 
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Timing Waveforms 
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Section 9 — Development Tools 

//PD7720 Hardware Development Tools 9-3 

EVAKIT-7720B 9-3 

//PD70208/216 Hardware Development Tools 9-5 

IE-70208/70216 9-5 

//PD7281 Software Development Tools 9-7 

SW7281 9-7 

//PD7720 Software Development Tools 9-9 

ASM77 9-9 

SIM77 9-9 

//PD701 08/1 16/208/216 Software Relocatable Assembler Development Tools 9-11 
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EVAKIT-7720B Features 

Description '-' Fieal-time and single-step emulation capability 

D On-board instruction, data/coefficient and internal 
The EVAKIT-7720B is a stand-alone Evakit for NEC's ram 

//PD7720 digital signal processor. The EVAKIT-7720B □ Powerful system monitor 
provides complete hardware emulation and software _ Display/modify instruction RAM 

debug capabilites for the //PD7720. Real-time and _ Display/modify data/coefficient RAM 

single-step emulation capability, coupled with an on- _ Display/modify internal RAM 

board system monitor create a powerful debug _ Display/modify internal registers 

environment. _ Load/verify/display PROM device 

A serial line from a terminal or host computer system — Upload/download/verify instruction and data 

controls the EVAKIT-7720B. User programs are down- RMA 

loaded into the instruction RAM and data RAM through ~ "'^^^t Evakit 

a serial line or read from a PROM. An on-board ° User-specified address breakpoint 
programmer for //PD2732 and //PD2732A EPROMs " Break loop counter: up to 256 loops 

provides an easy means for submitting your final code '-' Program trace feature 
for production. You can also use the EVAKIT-7720B to — 256 steps 

program theyuPD77P20 EPROM version of the part for — Trace display: address, instruction, registers, 

final system test and evaluation. flags 

D Supports two operating modes 

— External terminal controlled 

— Host computer system controlled 

n Serial interface: RS-232C, TTL, or 20 mA current 

loop 
D EPROM programming capability (2732, 2732A, 

77P20) 
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IE-70208/70216 

Description 

The IE-70208 and IE-70216 are stand-alone in-circuit 
emulators that provide both hardware emulation and 
software debug capabilities for the NEC yuPD70208 
(V40™) and/iPD70216 (V50™) respectively. Each system 
consists of a standard I E-70K chassis with interchange- 
able emulator pods for either the V40 or V50 micro- 
processor. The IE-70208/70216 provides real-time and 
single-step emulation in both native and 8080 emulation 
mode. User programs can be uploaded and down- 
loaded from a variety of host systems via a serial link, or 
loaded directly from a CP/M-86® format 8" disk. 

Features 

D Stand-alone in-circuit emulator 

— Interchangeable emulator pods for \/40/V50 

— Conversion kit available for I E-701 08/701 16-S 
D Precise real-time and single-step emulation 

D Sophisticated memory mapping in 1K blocks of: 

— 64K bytes of no wait state internal RAM 

— 127K bytes of one wait state internal RAM 
(expandable to 610K bytes) 

— Up to 1M byte of user system memory 

D User programmable breakpoints and trace control 
n 1 K trace buffer — mnemonic and cyclic display 
D Full symbolic debug capabilities 

— 128K memory disk for rapid symbol search 
D Symbolic line assembler and disassembler 

D Full on-line help facility 

D Macro command file capability 

D External probes for tracing user system signals 

DIM byte 8" floppy disk drive 

V40 and V50 are registered trademarks of NEC Electronics Inc. 



Ordering information 


Part Number 


Description 


IE-70208-S008 


In-circuit emulator for //PD70208 (with V40 pod) 


IE-70216-S008 


In-circuit emulator for /yPD70216 (with V50 pod) 


IE-70208-1008 


Optional pod unit for a(PD70208 emulation 


IE-70216-1008 


Optional pod unit for//PD70216 emulation 


IE-70216-1508 


Converts IE-70108/116-S to IE-70208/70216-S008 
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SW7281 

Description 

The SW7281 software package is used to develop 
application software for the NEC /uPD7281 image 
pipeline processor (ImPP). SW7281 consists of the 
following three separate programs: an assembler 
(AS7281), a software simulator (SM7281), and an 
object code conversion program (OH7281). The 
//PD7281 software package runs on all NEC develop- 
ment systems, and many other manufacturers' personal 
computers and minicomputers. 

Features 

D Complete software development system for/uPD7281 
D Assembler for generating //PD7281 tokens 
D Software simulator provides 

— Program debugging capabilities 

— System simulation and evaluation 
D Runs on a variety of operating systems 

— CP/M-86® 

— MS-DOS® 

— VAX/VMS® and VAX/UNIX® 

AS7281 Assembler 

AS7281 translates symbolic source programs for the 
//PD7281 into object modules which serve as input to 
either the software simulator or the object code con- 
version program. Features are as follows. 

D Automatic generation of all required tokens 

D Extensive error reporting 

D Command line controls 

D User-selectable and directable output files 

0H7281 Object Code Converter 

OH7281 converts object modules produced by the 
assembler into hexadecimal format object module files 
for input to a HEX-loader or into ASCII data format 
object module files for use as data within a source 
module. A symbol table file may be produced for use 
with the software simulator. 



D Supports simulation of three system models 

— One or more cascaded /yPD7281s, /uPD9305 and 
image memory 

— One or more cascaded //PD7281s and image 
memory 

— One or more cascaded /yPD7281s only 
D Continuous/single-step execution 

D Set/display input data timing 

D Display/modify contents of memory, latch, or 

registers 
D Sophisticated breakpoint capabilities 
D Sophisticated trace capabilities 

— Define/display items to be traced 

— Define/display trace start/stop conditions 
D Supports full symbolic debug 

— Define/delete/modify symbols 

— Display symbols 

D On-line assembler and disassembler 

D Macro command file capability 

D Save/load simulator setup to/from disk 

D Save console input commands and execution results 

on disk 
n Display LT, PU, IM operating ratios for program 

evaluation 



Ordering information 


Part Number 


Description 


SW7281-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


SW7281-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


SW7281-M81 


CP/M-86, 8" single-density floppy diskette 


SW7281-VVT1 


VAX/VMS, 9-track 1600 BPI magnetic tape 


SW7281-VXT1 


VAX/UNIX, 9-track 1600 BPI magnetic tape 



Note: 

CP/M-86 is a registered trademark of Digital Research Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T. 



E 



Sl\/i7281 Software Simulator 

SM7281 accepts object code modules produced by the 
assembler and simulates the user program under 
specified system parameters. The simulator can fully 
simulate an entire image processing subsystem, pro- 
viding the user the tools to fully debug his program and 
to evaluate system performance without having to 
actually build the hardware. Features are as follows. 
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ASM77 

Description 

The //PD7720 absolute assembler (ASM77) converts 
symbolic source code for the NEC /uPD7720 signal 
processing interface (SPI) into executable absolute 
address object code. Two separate assemblers are 
provided: one assembles the source program for the 
instruction ROM; the other assembles the source 
program for the data ROM. An object code file is 
produced in ASCII hexadecimal format and may be 
downloaded to a PROM programmer or hardware 
debugger. 

The NEC ASM77 is available for use on all NEC 
development systems and many other manufacturers' 
microcomputer development systems, personal com- 
puters, minicomputers, and mainframes. 

Features 

n Absolute address object code output 

D Free format statements 

D Separate assemblers for instruction and data ROMs 

D User-selectable and directable output files 

D Runs under a variety of operating systems 

— CP/M-80® 

— CP/M-86® 

— MS-DOS® 

— ISIS-II 

D Fortran IV ANSI X3.9-1966 source program available 

CP/M-80 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 

MS-DOS is a registered trademarl< of Microsoft Corporation. 



Ordering Information 


Part Number 


Description 


ASM77-C81 


CP/M-80, 8" single-density floppy diskette 


ASM77-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


ASM77-I81 


ISIS-II, 8" single-density floppy diskette 


ASM77-I82 


ISIS-II, 8" double-density floppy diskette 


ASIVI77-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


ASM77-M81 


CP/M-86, 8" single-density floppy diskette 


ASM77-F9T1 


Fortran IV ANSI X3.9-1966 source program 
9-track 1600 BPI magnetic tape 



SIM77 

Description 

The//PD7720 simulator (SIM77) is a software tool for 
analyzing program code and I/O timing for the NEC 
y[/PD7720 signal processing interface (SPI). SIM77 
simulates the operation of the SPI using your instruc- 
tion and data ROM codes in conjunction with specially 
prepared serial input, parallel input, and simulation 
timing files. The system console of the host system 
controls simulation. SIM77 can create serial and parallel 
output files, display the latest trace steps, and send all 
console input/output to a disk file or system printer. 

SIM77 runs on all NEC microcomputer development 
systems and many other manufacturers' microcom- 
puter development systems and personal computers. 

Features 

D Continuous/single-step execution 

n Display/modify instruction ROM, data ROM, RAM, 

stack, registers or flags 
D User-controllable parallel data transfer direction 
D User generated interrupt capability 
D Sophisticated breakpoint capabilities 

— Up to eight breakpoints with loop counter 
D Trace capability with start/stop conditions 

D Instruction ROM disassembler 

D Output all console inputs and outputs to disk 

n Runs under a variety of operating systems 

— CP/M-80® 

— CP/M-86® 

— MS-DOS® 

— ISIS-II 

Note: 

CP/M-80 and CP/M-86 are registered trademarks of 
Digital Research Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 




Ordering information 


Part Number 


Description 


SIM77-C81 


CP/M-80, 8" single-density floppy diskette 


SIM77-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


SIM77-I81 


ISIS-II, 8" single-density floppy diskette 


SIM77-I82 


ISIS-II, 8" double-density floppy diskette 


SIM77-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


SIM77-M81 


CP/M-86, 8" single-density floppy diskette 
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RA70116 

Description 

The RA70116 relocatable assembler package converts 
symbolic source code for the V20"'/V30™ (//PD70108/ 
/UPD70116) microprocessors as well as the V40/V50 
(/yPD70208///PD70216) microprocessors into execut- 
able absolute address object code. The V20/V30 
relocatable assembler package consists of four sep- 
arate programs: a relocatable assembler (RA70116), a 
linker (LK70116), a hexadecimal format object code 
converter (OC70116), and a librarian (LB70116). 

RA70116 translates a symbolic source module into a 
relocatable object module. LK70116 combines relocat- 
able object modules and absolute load modules and 
converts them into an absolute load module. OC70116 
converts an absolute load or object module to an ASCI I 
hexadecimal format object file. LB70116 creates and 
maintains files containing relocatable object modules. 
When the library file is included as input to LK70116, 
the linker only extracts those modules required to 
resolve external references, relocates, and links them 
into the relocatable object module. 

RA70116 runs on all NEC microcomputer development 
systems and many other manufacturers' micro- 
computer development systems, personal computers, 
and minicomputers. 

Features 

D Absolute address object code output 

D User-selectable and directable output files 

D Extensive error reporting 

D Powerful librarian 

D Runs under a variety of operating systems 

— CP/M-86® 

— MS-DOS® 

— ISIS/UDI 

— VAX/VMS® and VAX/UNIX® 
Note: 

CP/M-86 is a registered trademark of Digital Research Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T. 

V20 and V30 are registered trademarks of NEC Electronics Inc. 



Ordering information 



Part Number 


Description 


RA70116-D52 


MS-DOS, 5-1/4" double-density floppy diskette 


RA70116-I81 


ISIS-II, 8" single-density floppy diskette 


RA701 16-182 


ISIS-II, 8" double-density floppy diskette 


RA70116-M52 


CP/M-86, 5-1/4" double-density floppy diskette 


RA70116-M81 


CP/M-86, 8" single-density floppy diskette 


RA70116-VVT1 


VAX/VMS, 9-track 1600 BPI magnetic tape 


RA70116-VXT1 


VAX/UNIX, 9-track 1600 BPI magnetic tape 
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CC70116 

Description 

The CC70116 C Compiler Package converts standard 
C source code into relocatable object modules for the 
V20/V30 GuPD701 08/701 16) microprocessors as well as 
the V40/V50 (//PD70208/70216) microprocessors. These 
modules are compatible with the ones produced by the 
RA70116 Relocatable Assembler package and may be 
linked with other modules using LK70116, the linker 
provided with the RA70116 package. 

The CC70116 C Compiler Package is available for use 
on all NEC development systems and many other 
manufacturers' microcomputer development systems, 
personal computers, and minicomputers. 

Features 

D Standard Kernighan and Ritchie C 

— Defined in UNIX™ System III 
D NEC enhancements 

— Small and medium memory model support 

— Enumeration data type support 

— Assignment of all members by a structure name 

— Ability to use identical names in identifiers of 
different types in different structures 

— Addition of a void type to declare functions with 
no return value 

— Addition of char as a data type for which unsigned 
can be specified 

— Ability to initialize structures with bit fields 

D CC70116 library contains 76 of the UNIX System III 

library functions 
D User-selectable object code optimizer 
D Runs under a variety of operating systems 

— CP/M-86™ 

— MS-DOS™ 

— ISIS/UDI 

— VAX/VMS™ and VAX/UNIX™ 
Note: 

UNIX is a trademark of AT&T. 

CP/M-86 is a trademark of Digital Research Corporation. 

MS-DOS is a trademark of Microsoft Corporation. 

VAX and VMS are trademarks of Digital Equipment Corporation. 



Ordering information 


Part Number 


Description 


CC70116-D52 


MS-DOS, 5" double-density floppy diskette 


CC70116-I81 


ISIS-II, 8" single-density floppy diskette 


CC701 16-182 


ISIS-II, 8" double-density floppy diskette 


CC70116-M52 


CP/l\/i-86, 5" double-density floppy diskette 


CC70116-M81 


CP/M-86, 8" single-density floppy diskette 


CC70116-VVT1 


VAX/VMS, 9-track 1600 BPI magnetic tape 


CC70116-VXT1 


VAX/UNIX, 9-track 1600 BPI magnetic tape 
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EVAKIT 

COMMUNICATION 

PROGRAM 



Description 

The Evakit communication program (EVA) allows a 
variety of microcomputer development systems and 
personal computers to control NEC's Evakits and in- 
circuit emulators directly from the console of the host 
system. Once a particular emulator is selected from the 
EVA program's menu, EVA recognizes all legal com- 
mands for that emulator. In addition to the emulator 
standard commands, the EVA program provides com- 
mands to upload, download, and display disk files and 
directories, to save debug session on disk, to display 
command help files, and to exit from the program to the 
operating system. 

You can download to the emulator object code program 
files produced by a cross assembler on the host system 
and upload patched copies of the program from the 
emulator to the disk for use in later debugging sessions. 
The disk display commands allow you to examine 
directories and files on the screen without having to 
exit the EVA program. This is extremely useful for 
checking a file before it is downloaded to the emulator 
or erased during an upload. The help command dis- 
plays a complete list of all legal commands for the 
chosen emulator with their proper syntax. There is a 
command to exit from the EVA program and to return to 
the operating system. The emulator is not affected, and 
emulation can be continued by invoking the EVA 
program again. 



The EVA program is supplied in executable format and 
is included with each NEC assembler. Executable 
versions are available for the following host systems: 

Intel MDS-220/330 under ISIS-II 

NEC APC under CP/M-86® 

IBM PC or PC/XT® under CP/M-86 or PC-DOS® 

IBM PC/AT® under PC-DOS 

Source code is available and may be modified to 
support other CP/M-80®, CP/M-86, MS-DOS®, and 
ISIS-II based systems. 

The EVA program supports all current Evakits and in- 
circuit emulators and is periodically updated as new 
emulators are introduced. 

CP/M-80 and CP/M-86 are registered trademarks of Digital Research 
Corporation. 

PC/XT, PC-DOS, and PC/AT are registered trademarl<s of 
International Business Machines Corporation. 

MS-DOS is a trademark of Microsoft Corporation. 
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MD-086 SERIES 

MICROCOMPUTER 

DEVELOPMENT SYSTEMS 



MD-086 FLOPPY AND HARD DISK DRIVE SYSTEM 





Description 

The MD-086 series microcomputer development 
systems are a series of disk based, multi-user, multi- 
tasking systems supporting the development of 
products using NEC's microcomputers and micro- 
processors. Available in either a floppy disk-based or 
floppy/hard disk-based configuration, the MD-086 may 
be coupled with NEC's stand-alone evaluation kits 
(Evakits) or in-circuit emulators (lEs) to provide a 
complete integrated software and hardware develop- 
ment system. 

Based on NEC's/uPD8086 16-bit microprocessor, run- 
ning Digital Research's MP/M-86® operating system, 
the MD-086 gives you access to all NEC's assemblers. 



simulators, high level language compilers, and all other 
CP/M-86® application software. 

The MD-086FD-1 (floppy disk-based) consists* of two 
units: the system chassis (housing all the electronics) 
and the system console (an ANSI standard X3.64 
terminal.) The MD-086HD-10 (floppy/hard disk based) 
consists of three units: the system chassis, the hard 
disk chassis and the system console, and an ANSI 
standard terminal. Additional terminals may be added 
to the system as required, thereby lowering the system 
cost per user. 

IVIP/M-86and CP/M-86 are registered trademarks of Digital Research 
Corporation. 
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Features 

D MP/M-86 multi-user/multi-tasking operating system 

— Supports up to three users 

— Supports multi-tasking at each user terminal 
D 51 2K bytes of system memory 

— Optional expansion to 1M byte total 

D Two 1M byte 8" double-sided floppy disk drives 

D Optional 35M byte hard disk 

D 64K byte memory disk 

D Two parallel printer ports 

D IEEE-796 bus-based with 5 vacant slots for future 

expansion 
D Separate ANSI standard X3.64 system console 



Ordering Information 


Part Number 


Description 


MD-086FD-10 


MD-086 series, floppy disk-based system 


MD-086HD-10 


MD-086 series, floppy/hard disk-based system 


MD-086DK 


Hard disk upgrade for MD-086FD-10 


MD-910TM 


Character display terminal 



Hardware Description 

System Chassis 

The system chassis of the MD-086 series houses a 
multiprocessor system, two 8" doubled-sided floppy 
disk drives, an I EEE-796 cardcage, power supply, and 
fans. Utilizing the industry standard IEEE-796 bus as 
its internal system bus, NEC's MD-086 series with 
several vacant slots, can easily be expanded to meet 
tommorrow's technological advances. 

The multiprocessor architecture of the MD-086 series 
permits the master GPU to offload the time consuming 
tasks of data storage/retrieval and system I/O proces- 
sing to its intelligent peripheral boards, significantly 
increasing the multi-user/ multi-tasking capabilities of 
the operating system. This multiprocessor system is 
composed of aAjPD8086 master GPU board, a 512K- 
byte memory board, ajuPD780-based intelligent floppy 
disk controller (FDG) board, a //PD8088-based intel- 
ligent system controller board (SGB), and an optional 
A(PD780-based intelligent hard disk controller (HDG) 
board. 

System Boards 

The master GPU board is the heart of the system. 
Utilizing a//PD8086 microprocessor running at 5 MHz, 
it controls the operation of the multi-user/multi-pro- 



gramming operating system. The CPU board also 
contains the bootstrap loader PROM and the system 
work RAM, interrupt controller, and timer. 

A single 51 2K-byte memory board provides the system 
memory and is accessed by either the master GPU 
board, the floppy disk controller board, or the optional 
hard disk controller board. System memory can be 
expanded to 1M byte by adding additional IEEE-796 
bus memory boards. 

The FDG board is an intelligent floppy disk controller 
board using NEG's AfPD765A floppy disk controller 
chip to control up to four 8" double-sided floppy disk 
drives in either single or double-density format. Con- 
taining an NEC //PD780-1 microprocessor with 8K of 
PROM, 64K of RAM, and a DMA controller, the FDG 
board controls the transfer of data between the system 
memory and the floppy disk. 

The HDG board is an intelligent hard disk controller 
board using NEG's/uPD7261 A hard disk controller chip 
to control up to two SMD interface hard disk drives. 
Containing an NEC fjPD780-A microprocessor with 
8K PROM, 18K of RAM, and a DMA controller, the HDG 
board controls the transfer of data between the system 
memory and the hard disk. 

The SGB is an intelligent I/O controller board using an 
NEC^<PD8088 microprocessor with up to 16K bytes of 
PROM and 64K bytes of RAM to control the system 
console, the serial communication channels, the printer 
ports, and the paper tape interfaces. 

The master GPU writes commands into the dual- 
ported memories on the FDG, HDG, and SGB boards. 
Each board executes its command with no further 
intervention by the master GPU. This increases the 
system performance of the MD-086 series. 

The two 8" doubled-sided floppy disk drives provide 
approximately 2M bytes of data storage capacity. 
Single-sided diskettes are recorded in single-density 
to provide compatibility with other CP/M-86 and 
MP/M-86 systems. Double-sided diskettes are recorded 
in double-density providing a maximum storage cap- 
acity of 972K bytes per diskette. 

Hard Disk Cliassss 

The optional hard disk chassis houses one 8" SMD 
interface hard disk drive capable of storing 32M bytes 
of formatted data, the power supply, and fans. A ready 
indicator, along with a write protect switch/indicator, 
and a fault switch/indicator are also provided. 
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System Console 

The MD-910TM, an ANSI standard X3.64 CRT terminal, 
is provided as the system console for the MD-086 
series microcomputer development systems. To take 
advantage of the multi-user features of the MD-086 
series, additional ANSI standard terminals may be 
purchased separately from NEC Electronics Inc. or 
other manufacturers. 

Software Description 

The MD-086 series incorporates Digital Research's 
MP/M-86 operating system providing you a compact 
multi-user, multitasking operating system. Each user 
has complete access to all of the MP/M-86 facilities and 
may execute multiple programs simultaneously. 

The powerful MP/M-86 file system manages all files 
and file directories, dynamically allocating, and re- 
leasing disk space as required. Designed for the multi- 
user environment, it enhances file integrity by permit- 
ting files to be opened in one of three modes: locked, 
unlocked, and read only modes. In locked mode, only 
one user may open a specific file at a given time, while 
in unlocked mode multiple users/programs may open 
the same file. Read only mode, permits a file to be 
opened by more than one process but it cannot be 
changed. 

Optional password protection is available at both the 
file and disk level, providing protection for a particular 
user's files. MP/M-86's extended directories allow files 
to be dated and time stamped. Each file may have up to 
two date and time stamps: one reflects the date and 
time of the last update and the other the date of the last 
access or file creation. 

All files generated on CP/M® 8" diskette systems may 
be read under MP/M-86, allowing you to easily transport 
existing software routines to the MD-086 series. Hard- 
ware-independent CP/M-86 application programs can 
be run, giving you access to a wide variety of third party 
software. 

A 64K-byte memory disk residing in system memory is 
available for high speed file processing, significantly 
improving the overall performance of the MD-086 
series microcomputer development systems. 

The MD-086 series contains a PROM-resident monitor 
program which may be used for yuPD8086 program 
development/debugging. This monitor program is 
entered automatically if there is no MP/M-86 system 
disk in drive A when the reset switch is pressed. Some 
of the main features of the MD-086 monitor are: 

n Display,fill,substitute, compare, transmit, or test the 
contents of memory. 



D Display and modify user registers. 
D Read and write to the floppy disks and paper tape. 
D Set breakpoints and execute user's program. 
n Single-step and trace executing user's program. 

Note: 

CP/M is a registered trademark of Digital Research Corporation. 

MD-086 Series Utilities 

The following utility programs are supplied with the 
MD-086 series: 

ABORT Stops the specified process 

ASM86 Absolute assembler foryuPD8086/8088 

ATTACH Attaches program to its console 

BACKUP Makes a complete backup copy of a 

disk 
CLEAR Clears the system console screen 

CONSOLE Displays console number 
DDT86 Dynamic debugging tool for 

//PD8086/8088 
DIR Displays disk directory of filenames 

DSKRESET Resets drives 
ED Line-oriented editor 

ERA Erases a file 

ERAQ Erases a file only after confirmation 

FORMAT Formats floppy disks 

GENCMD Converts H86 file to CMD file 

GENSYS Generates MP/M-86 operating system 

HDBACKUP Makes backup of hard disk logical 

drive 
HDDUMP Displays and changes contents of 

hard disk 
HDFORMAT Initializes hard disk logical drives 
MPMSTAT Displays MP/M-86 internal status 
PHFORMAT Physically formats hard disk 
PIP Copies files 

PRINTER Displays and sets the printer number 

REN Renames files 

SDIR Displays disk directory with options 

SET Sets disk and file protection levels, 

file attributes, and file time stamping 
SHOW Displays disk status and protection 

levels 
SPOOL Spools files to the list device 

STAT Displays, set files, and disk status 

STOPSPLR Stops the spooler 
SUBMIT Executes batch processing 

SYSCPY Copies system loader and MPM.SYS 

TOD Displays and sets time of day 

TYPE Displays ASCII file contents at 

console 
USER Displays and sets user number 

YEAR Sets the year 
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Five of these utilities have been incorporated into the 
operating system as resident system processes (RSPs) 
and reside in system memory. They can be executed 
without disl< accesses, increasing the performance of 
the system. The RSPs in the l\/ID-086 series include: 
ABORT, DSKRESET, MPMSTAT, PRINTER, and USER. 

MD-086 Series Development Environment 

The MD-086 series microcomputer development 
systems have been designed to provide a integrated 
software and hardware development environment for 
all NEC proprietary microcomputers, microprocessors, 
and digital signal and image processing components. 
For software development, a complete family of 
absolute and relocatable assemblers, high level lang- 
uage compilers, and digital signal and image processor 
simulators are available for the MD-086 Series. For 
software and hardware debug, NEC in-circuit emulators 
and Evakits can be controlled directly from the MD-086 
series consoles. 

Evakit communication programs are available for con- 
trolling all stand-alone Evakits via a serial link directly 
from any console of the development system. These 
programs provide program upload and download cap- 
ability plus a full line assembler and disassembler. 

Up to three in-circuit emulators can be plugged directly 
in the IEEE-796 backplane of the MD-086 series and 
controlled by the appropriate IE control program. In 
this bus-coupled configuration, your program debugg- 
ing capabilities are greatly enhanced with the addition 
of symbolic debug, macro command file capability, and 
improved file upload/download times. 

With the MD-086 series microcomputer development 
systems, you will always have access to development 
tools for NEC's newest components at the earliest 
possible time. 

Documentation 

The following documentation is supplied with the 
system. Additional copies may be obtained from NEC 
Electronics Inc. 

• MD-086FD-10 Installation Manual 

• MD-086FD-10 MP/M-86 Implementation Manual 

• MD-910TM Terminal User Manual 

• MP/M-86 Multi-Process Monitor User's Guide* 

• MP/M-86 Operating System Guide* 

• MP/M-86 Multi-Process Monitor Programmer's 
Guide* 

'Additional copies may be obtained from Digital Research. 



Equipment 

The following equipment is supplied with the system: 



MD-086FD-10 


• 1 


System chassis 


• 2 


RS-232C serial cables 


• 1 


Centronics printer cable 


• 1 


Line cord and ground adapter 


• 1 


Spare fuse 


• 2 


On-off keys 


• 2 


Male DB-25 solder type connectors/shells 


• 1 


Set of disk drive labels 


• 2 


8" floppy diskettes 


— 


MP/M-86 system disk 


— 


MP/M-86 gensys disk 


• 1 


MD-910TM system console 


— 


1 RS-232C cable 


— 


1 TTL level cable 


— 


1 Line cord and ground adapter 


• 1 


Set of documentation 



MD-086HD-10 

• 1 MD-086FD-10 system 

• 1 MD-086DK 

MD-086 DK hard disk upgrade 

• 1 Hard disk chassis 

• 1 HDC board 

• 1 Set of interconnecting cables 

• 1 Line cord and ground adapter 

Specifications 

Processors 

Main //PD8086C, 5 MHz, CPU Board 

Slave AfPD780C-1 , 4 MHz, FDC Board 

A(PD8088C-2, 6.5536 MHz, SCB Board 
//PD780C-1 , 4 MHz, HDC Board 

System IMemory 

512K-bytes of dynamic RAM (1 M byte total — optional) 



Operating system area 
Memory Disk 



Users Area 



64 K bytes 
64K bytes 

(896K bytes optional) 



External Memory 

Two double-sided 8" floppy disk drives 

— 2M-byte maximum capacity 

Optional SMD Interface 8" hard disk drive 

— 32M-byte formatted capacity 
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Bus Structure 

IEEE-796 Bus 

— 5 spare slots in MD-086FD-10 

— 4 spare slots in MD-086HD-10 



Serial Interfaces 

System console 
Serial interfaces 



RS-232C/TTL 

RS-232C 

RS-232C/TTL 



1 channel 
1 channel 
4 channel 



Parallel Interfaces 

Centronics printer interface 2 channel 

Operating System 

MP/M-86, version 2.0 with NEC proprietary enhance- 
ments. 



Environmental Specifications 

Temperature: —20 to +40°C, non-operating 

+10 to +40 °C, operating 
Humidity: 10 to 90% relative humidity, 

non-operating 

30 to 80% relative humidity, operating 

(without condensation) 

Electrical Characteristics 

FCC: Class A 

AC Requirements: 

System chassis: 90-132 V, 50/60 Hz ±2%, 5A 
System console: 90-132 V, 50/60 Hz +2%, 2A 



Physical Characteristics 












System Chassis 




System 


Console 






CRT 






Keyboard 


Width 


16.75 In (425 mm) 


14.25 in (362 mm) 






18.5 in (470 mm) 


Height 


11.77 in (299 mm) 


14.29 in (363 mm) 






1.50 in (38 mm) 


Depth 


24.21 in (615 mm) 


13.46 in (342 mm) 






7.44 in (189 mm) 


Weight 


59.40 lb (27 kg) 


19.95 lb (9 kg) 






4.41 lb (2 kg) 
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MD-910TM CHARACTER 

DISPLAY TERMINAL 

DEVELOPMENT TOOL 



Description 

The MD-910TM character display terminal is an ANSI 
standard CRT terminal used as the system console of 
the MD-086 series microcomputer development system. 
The MD-910TM can also be used as an additional 
console for this system, or as an external terminal for 
any stand-alone Evakit or in-circuit emulator. 

Features 

D Multiple emulation modes 

— ANSI standard X3.64 (VT100 compatible) 

— VT52 (Digital Equipment Corporation) 
D Amber 12" nonglare screen 

D Tilt/swivel display 

D Detached low-profile keyboard conforming to DIN 
standard 

— ASCII keys, numeric keypad, four function keys 
D Total software set-up feature 

D Smooth, jump, or partial scrolling 
n 80/132 columns by 24-line display 
D Standard, double width, or double height/width 

characters 
D Blinking block, blinking underline, or invisible cursor 
D Display attributes 

— Normal, bold, blinking, reverse, underscore, 
overline, and vertical line 

D'Display status LEDs on keyboard 
n Software selectable serial interface 

— RS-232C, TTL, 20 mA current loop 

— 7- or 8-bit character with odd, even, or no parity 

— Full or half-duplex operation 

— Transfer rate: 50 to 19200 BPS 

D Power-on, self-diagnostic function and data analyzer 

mode 
D Centronics printer port 



Physical Ciiaracteristics 




Dimension 


Display 


Keyboard 


Width 


14.25 in (362 mm) 


18.05 in (470 mm) 


Height 


14.49 in (363 mm) 


1.50 in (38 mm) 


Depth 


13.46 in (342 mm) 


7.44 in (189 mm) 


Weight 


19.95 lb (9 Kg) 


4.41 lb (2 Kg) 



Environmental Specifications 

Temperature: to 40 °C 

Relative Humidity: 30 to 80% , non-condensing 

Electrical Characteristics 

FCC: Class A 

Power: 90-132 V AC, 50/60 Hz +2%, 2A 

Ordering Information 



Part Number 



Description 



MD-910TM 



Character display terminal 



E 



Equipment 

The following equipment 
MD-910TM terminal: 



is supplied with the 



1 Display terminal 

1 Keyboard with attached cable 

1 RS-232C serial interface cable 

1 TTL serial interface cable 

1 AC power cord and ground adapter 

1 Spare fuse 

1 MD-910TM user's manual 
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PG 1000 PROM 
PROGRAMMER 



Description 

The PG1000 is NEC's PROM Programmer for use with 
the MD-086 Series Development Systems and certain 
NEC Emulators. With the use of interchangeable per- 
sonality modules, the user can tailor the PG1000 to 
support various NEC single-chip microcomputers. The 
user controls the PG1000 via the serial interface from 
either a host computer or an external terminal, or 
directly from the on-board keypad in stand-alone 
mode. 

Features 

D Interchangeable personality modules 

n 16K of data RAM 

D Address/data display and mode specification LEDs 

D Flexible membrane l^eypad 

D Three modes of operation 

— Host computer controlled 

— External terminal controlled 

— Stand-alone operation 

D Serial interface: RS-232C, TTL, or 20-mA current 

loop 
□ Parallel interface: TTL (two-wire handshake) 



PG1000 Personality IModuies 

PG1003 

The PG1003 is a plug-in personality module for the 
PG1000 PROM Programmer. This module is required 
to program the//PD78P09R, the EPROM version forthe 
//PD7808 and //PD7809 8-bit, single-chip microcom- 
puters. The PG1003 supports two programming modes: 
high-speed writing mode and normal writing mode. 

PG1005 

The PG1005 is a plug-in personality module for the 
PG1000 PROM Programmer. This module is required 
to program theA<PD75P108, the EPROM version forthe 
yuPD75104, juPD75106, and //PD75108 4-bit, single-chip 
microcomputers. Interchangeable socket adapters are 
provided with the PG1005 to allow programming both 
shrink dip and flat packages. 
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Section 10 — Packaging information 

Package/Device Cross Reference 10-3 



16-P 
18-P 
18-P 
20-P 
20-P 
20-P 
24-P 
24-P 
28-P 
28-P 
28-P 
28-P 
28-P 
30-P 
40-P 
40-P 
40-P 
44-P 
44-P 
48-P 
48-P 
52-P 
52-P 
68-P 
68-P 
80-P 



n Plastic DIP (300 mil) 10-5 

n Plastic DIP (300 mil) 10-5 

n Cerdip (300 mil) 10-6 

n Plastic DIP (300 mil) 10-6 

n Cerdip (300 mil) 10-7 

n Plastic SO (Small Outline) 10-7 

n Plastic DIP (600 mil) 10-8 

n Plastic Skinny DIP (400 mil) 10-8 

n Plastic DIP (600 mil) 10-9 

n Ceramic DIP (600 mil) 10-9 

n Cerdip (600 mil) 10-10 

n Plastic SO (Small Outline) (375 mil) 10-10 

n PLCC (Plastic Leaded Cliip Carrier) 10-11 

n Plastic Shrink DIP (400 mil) 10-11 

n Plastic DIP (600 mil) 10-12 

n Ceramic DIP (600 mil) 10-12 

n Cerdip (600 mil) 10-13 

n Plastic Miniflat 10-13 

n PLCC (Plastic Leaded Chip Carrier) 10-14 

n Plastic DIP (600 mil) 10-14 

n Ceramic DIP (600 mil) 10-15 

n Plastic Miniflat 10-15 

n PLCC (Plastic Leaded Chip Carrier) 10-16 

n Plastic Leaded Chip Carrier (PLCC) 10-17 

n Ceramic PGA 10-17 

n Plastic Miniflat 10-18 



132-Pin Ceramic PGA 10- 
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Package/Device Cross Reference 


Package 


Device 


16-Pin Plastic DIP (300 mil) 


//PB8216C 
yuPB8226C 


18-Pin Plastic DIP (300 mil) 


yuPD7755C 
//PD7756C 
//PD71011C 
yuPD71084C 


18-Pin Cerdip (300 mil) 


yuPB8284AD 



20-Pin Plastic DIP (300 mil) 



/UPB8282C 
//PB8283C 
/UPB8286C 
A<PB8287C 
//PD71082C 

A<PD71083C 
//PD71086C 
yuPD71087C 
A<PD71088C 



20-Pin Cerdip (300 mil) 



JUPB8288D 
//PB8289D 



20-Pin Plastic SO 
(Small Outline) (300 mil) 



/;PD71011G 
yuPD71082G 
/;PD71083G 
/yPD71084G 
yuPD71086G 

//PD71087G 
/UPD71088G 



24-Pin Plastic DIP (600 mil) 



/UPD71054C 

//PD8243C 

//PD8243HC 

//PD82C43C 

A/PD8253C-2 

A/PD8253C-5 



24-Pin Plastic Skinny DIP (400 mil) a'PD82C43CX 



28-Pin Plastic DIP (600 mil) 



yuPD7720AC 

yuPD7730C 

yuPD8251AC 

yuPD8251AFC 

yuPD8259AC 

yuPD8259AC-2 
//PD9306AC 
;wPD71051C 
A/PD71059C 



28-Pin Ceramic DIP (600 mil) 


yuPD7220AD 
/yPD7720AD 
yuPD77C20D 


28-Pin Cerdip (600 mil) 


yuPD77P20D 


28-Pin Plastic SO 
(Small Outline) (375 mil) 


//PD71065G 



Package 



Device 



28-Pin Plastic Leaded Chip Carrier 
(PLCC) 



//PD71051L 
//PD71054L 
//PD71059L 



30-Pin Plastic Shrink DIP (400 mil) //PD71066CT 



40-Pin Plastic DIP (600 mil) 



/WPD765AC 

//PD765AC-2 

//PD780C 

/yPD780C-1 

//PD780C-2 

/yPD7201AC 

yuPD7210C 

)uPD7265C 

yuPD7265AC-2 

yuPD7759C 

A<PD8085AC-2 

AJPD8085AHC 

//PD8085AHC-2 

A<PD8155C 

AfPD8155C-2 

//PD8155HC 

//PD8155HC-2 

//PD8156C 

//PD8156C-2 

yuPD8156HC 

yuPD8156HC-2 
yuPD8237AC-5 
A(PD8255AC-2 
ywPD8255AC-5 
A<PD8257C-2 

A/PD8257C-5 

//PD8279C-2 

//PD8279C-5 

yuPB9201C 

yuPD70008C 

yuPD70008AC-4 

yuPD70008AC-6 

AfPD70108C-5 

A<PD70108C-8 

//PD70116C-5 

A/PD70116C-8 

yuPD71055C 

/UPD72001C 

//PD72065C 

//PD72066C 



D 



10-3 



PACKAGING INFORMATION 



NEC 



Package/ Device Cross Reference 

Package Device 



40-Pin Ceramic DIP (600 mil) 



40-Pin Cerdip (600 mil) 



44-Pin Plastic Miniflat 



/WPD7201AD 

//PD7220AD 

/UPD7220AD-1 

//PD7220AD-2 

//PD7260D 

//PD7261AD 
/UPD7261BD-18 
yuPD7262D 
yuPD7281 D 
/iPD8086D 

A(PD8088D 

A/PD8088D-2 

/UPD70108D-5 

yuPD70108D-8 

yuPD70108D-10 

A<PD70116D-5 
/UPD70116D-8 
A»PD70116D-10 
yuPD72191D 



AfPD8086D 
//PD8086D-2 



yuPD70008AG-4 

yuPD70008AG-6 

yuPD71051G 

AfPD71054G 

yuPD71055G 

/UPD71059G 



44-Pin Plastic Leaded Chip Carrier /iPD77C20L 
(PLCC) yuPD70008AL-6 

//PD70108L-5 



Package 



Device 



44-Pin Plastic Leaded Chip Carrier 
(PLCC) (cont) 



//PD70108L-8 
//PD70116L-5 
//PD70116L-8 
//PD71055L 
yuPD72001 L 

/UPD72065L 
yuPD72066L 



48-Pin Plastic DIP (600 mil) 



)uPD71071C 
//PD72105C 



48-Pin Ceramic DIP (600 mil) 



/iPD71071D 



52-Pin Plastic Miniflat 



//PD70108G-5 

//PD70108G-8 

//PD70116G-5 

/yPD70116G-8 

)UPD71071G 

//PD72065G 

A<PD72066G 



52-Pin Plastic Leaded Chi 
(PLCC) 


ip Carrier 


//PD71071L 
//PD72105L 


68-Pin Plastic Leaded Chi 
(PLCC) 


ip Carrier 


^PD70208L 
//PD70216L 


68-Pin Ceramic PGA 




//PD70208R 
yuPD70216R 
A/PD70616R 
A/PD77230R 


80-Pin Plastic Miniflat 




yuPD70208G 
/iPD70216G 


132-Pin Ceramic PGA 




/UPD9305R 
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16-Pin Plastic DiP (300 mii) 



Item 


Millimeters 


Inches 


A 


20.32 max 


0.8 max 


B 


1.27 max 


.05 max 


C 


2.54 [TP] 


.10 [TP] 


D 


.5 ± .10 


■"2 -.005 


E 


17.78 


.70 


F 


1.2 min 


.047 mIn 


G 


3.5 ± .3 


.138 ± .012 


H 


.51 mIn 


.02 mIn 


1 


4.31 max 


.17 max 


J 


5.08 max 


.2 max 


K 


7.62 [TP] 


.3 [TP] 


L 


6.4 


.252 


M 


•" -.05 


01 +°°* 
■" -.003 


N 


1.0 mIn 


.039 min 



RAAAAAAfl 


s 


J 


yyyyyyyy 

1 8 



Notes: 1. Each lead centerline is located 
within .25 mm [.01 inch] of Its true 
position [TP] at maximum mate- 
rial condition. 
2. Item "K" to center ol leads when 
formed parallel. 



/~\ )\/\/\/\/' 




18-Pin Plastic DIP (300 mil) 



Item 


Millimeters 


Inches 


A 


22.86 max 


.9 max 


B 


1.27 max 


.05 max 


C 


2.54 [TP] 


.10 [TP] 


D 


.5 ±.10 


02 +•'"'* 
"^ -.005 


E 


20.32 


.8 


F 


1.2 min 


.047 min 


G 


3.5 ± .3 


.138 ± .012 


H 


.51 min 


.02 min 


1 


4.31 max 


.17 max 


J 


5.08 max 


.2 max 


K 


7.62 [TP] 


■3 [TP] 


L 


6.4 


.252 


M 


OK +.10 
■25 -.05 


„, + .004 
•"' -.003 


N 


1.0 min 


.039 min 



RflftAAAAAfl 


S 


J 


yyyyyyyyy 

1 9 

■• ►■ 
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Notes: 1. Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 
2. Item "K" to center of leads when 
formed parallel. 
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18-Pin Cerdip (300 mil) 



Item 


Millimeters 


Inches 


A 


22.86 max 


.900 max 


B 


1.27 max 


.050 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.46 ± .05 


.01 8 ±.002 


E 


20.32 


.800 


F 


1.42 min 


.055 min 


G 


3.5 ± .3 


.138 ±.01 2 


H 


.51 min 


.020 min 


1 


3.95 


.156 


J 


5.08 max 


.200 max 


K 


7.62 [TP] 


.300 [TP] 


L 


6.60 


.260 


M 


.25 ± .05 


-x- 


N 


.89 min 


.035 min 



Notes: 

[1] Each lead centeriine Is located within .25 

mm [.010 inch] of Its true position [TP] at 

maximum material condition. 
[2] Item "K" to center of leads when formed 

parallel. 
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20-Pin Piastic DIP (300 mil) 



Item 


Millimeters 


Inches 


A 


25.40 max 


1.000 max 


B 


1 .27 max 


.050 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.50 ±.10 


-xss^ 


E 


22.86 


.900 


F 


1.1 min 


.043 min 


G 


3.5 ± .30 


.138 ± .012 


H 


.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K 


7.62 [TP] 


.300 [TP] 


L 


6.4 


.252 


M 


25 +•■'" 
■^* -.05 


■o^^tZ 


N 


.9 min 


.035 min 



[1 ] Each lead centeriine Is located within .25 
mm [.010 Inch] of its true position [TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 
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20-Pin Cerdip (300 mil) 



Item 


Millimeters 


inches 


A 


2S.40 max 


1.000 max 


B 


1.27 max 


.050 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.46 ±.06 


.018 ±.002 


E 


22.86 


.900 


F 


1.42 min 


.055 min 


G 


3.5 ±.3 


.138 ±.012 


H 


.51 min 


.020 min 


1 


3.95 


.156 


J 


5.08 max 


.200 max 


K 


7.62 [TP] 


.300 [TP] 


L 


7.32 


.288 


M 


.25 ±.05 


■-otZl 


N 


.89 min 


.035 min 



Rflflflftflftflftfl 



ffu"g^^^¥"g^¥ 



Note: 

[1] Each lead centerline is located within 

.25 mm [.01 inch] of its true 

position [TP] at maximum material 

condition. 
[2] Item "K" to center of leads when 

formed parallel. 




20-Pin Plastic SO (Small Outline) (300 mil) 



Item 


Millimeters 


Inches 


A 


13.00 max 


.512 max 


B 


.78 max 


.031 max 


C 


1.27 [TP] 


.050 [TP] 


D 


■^o^Z 


■o-'-Z 


E 


.1±.1 


.004 ±.004 


F 


1.8 max 


.071 max 


G 


1.50 


.059 


H 


8.2 ±.3 


.323 ±.012 


1 


6.0 


.236 


J 


1.1 


.043 


K 


15 +■" 
■" -.05 


■o'-^-Z 


L 


.6 ±.2 


■-^z 


M 


.12 


.005 



Note: 

[1] Each lead centerline is located within 
.12 mm [.005 inch] of its true 
position [TP] at maximum material 
condition. 
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24-Pln Plastic DIP (600 mil) 



Item 


Millimeters 


Indies 


A 


33.02 max 


1.3 max 


B 


2.54 max 


.10 max 


C 


2.54 [TPl 


.10 [TP] 


D 


.5 ± .10 


02 +"''* 
"^ -.005 


E 


27.94 


1.1 


F 


1.2 min 


.047 mIn 


G 


3.6 ± .3 


.138 ± .012 


H 


.51 mIn 


.02 min 


1 


4.31 max 


.17 max 


J 


5.72 max 


.226 max 


K 


15.24 [TP] 


.60 [TP] 


L 


13.2 


.52 


M 


25 +•■"' 
■^* -.05 


01 +"°* 
"^ - .003 



1. Each lead centerllne is located 
witliin .25 mm [.01 Inch] of its true 
position [TP] at maximum mate- 
rial condition. 

2. Item "K" to center of leads when 
formed parallel. 
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24-Pln Plastic Skinny DIP (400 mil) 



Item 


Mlillmeters 


Inches 


A 


35.56 max 


1.400 max 


B 


3.81 max 


.150 max 


C 


2.54 [TP] 


.100 [TP] 


D 


50 + '' 


-^o'-Z 


E 


27.94 


1.100 


F 


1.1 min 


.043 min 


G 


3.6 ±.3 


.142 ±.012 


H 


.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.72 max 


.226 max 


K 


10.16 [TP] 


.400 [TP] 


L 


8.6 


.339 


M 


-^:S°s 


„.„ +.004 
•''^°-.003 



Note: 

[1] Each lead centerllne Is located within 

.12 mm [.005 Inch] of its true 

position [TP] at maximum material 

condition. 
[2] Item "K" to center of leads when formed 

parallel. 



Rflflflflflflflflflfifl 


\\ 


i 


1 12 



tiniir 


~\}~\f\( 

u U L 


1 


P 


1 
' J 

- 

H C 


■* — 


■• F ^ C 

-• — D 

^ 






10-8 



SEC 



PACKAGING INFORMATION 



28-Pin Plastic DIP (600 mil) 



38.1 max 
2.54 max 
2.54 [TP] 

.5± .10 



1.5 max 
.10 max 



.004 
.005 



F 


1.2 min 


.047 min 


G 


3.6 ± .3 


.142 ±.012 


H 


.51 min 


.02 min 


1 


4.31 max 


.17 max 


J 


5.72 max 


.226 max 


K 


15.24 [TP] 


.60 [TP) 


L 


13.2 


.52 



flAflflflAAAflMMfl 


s 


J 


yyyyyyyyuyyyuy 

1 14 



-.05 



+ .004 
-.003 



Each lead centerline is located 
within .25 mm [.01 Inch] of its true 
position [TP] at maximum mate- 
rial condition. 

Item "K" to center of leads when 
formed parallel. 




28-Pin Ceramic DIP (600 mil) 



Item 


Millimeters 


Inches 


A 


38.10 max 


1.500 max 


B 


2.54 max 


.100 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.46 ±.05 


.018 ±.002 


E 


33.02 


1.3 


F 


.92 min 


.036 min 


G 


3.5 ±.3 


.138 ±.012 


H 


1.0 min 


.039 min 


1 


4.57 max 


.180 max 


J 


15.24 [TP] 


.600 [TP] 


K 


14.93 


.588 


L 


.25 ±.05 


-o'-Z 



Note: 

[1] Each lead centerline is located within 

.25 mm [.01 inch] of its true 

position [TP] at maximum material 

condition. 
[2] Item "K" to center of leads when 

formed parallel. 
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PACKAGING INFORMATION 



SEC 



28-Pln Cerdip (600 mil) 



Item 


Millimeters 


Inches 


A 


38.10 max 


1.500 max 


B 


2.54 max 


.100 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.50 ±.10 


-iSo"^ 


E 


33.02 


1.300 


F 


1.2 min 


.047 min 


G 


3.5 ±.3 


.138 ±.012 


H 


.51 min 


.020 min 


1 


3.80 


.150 


J 


5.08 max 


.200 max 


K 


15.24 [TP] 


.600 (TP) 


L 


13.21 


.520 


M 


.25 ±.05 


-o'-Z 



Note: 

[1 ] Each lead centerllne is located within 

.25 mm (.01 Inch] of its true 

position [TP] at maximum material 

condition. 
[2] Item "K" to center of leads when formed 

parallel. 
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28-Pln Plastic SO (Small Outline) (375 mil) 



item 


Millimeters 


Inches 


A 


18.07 max 


.712 max 


B 


.78 max 


.031 max 


C 


1.27 [TP] 


.050 [TP] 


D 


■*'' -.05 


•-^:SS5 


E 


.1±.1 


.004 ±.004 


F 


2.9 max 


.115 max 


G 


2.50 


.098 


H 


10.3 ±.3 


.„ +.012 
•*°*-.013 


1 


7.2 


.283 


J 


1.6 


.063 


K 


15 + ''° 
•^' -.05 


--'-Z 


L 


.8 ±.2 


--SI 



[1] Each lead centerllne is located within 
.12 mm (.005 inch] of Its true 
position [TP] at maximum material 
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PACKAGING INFORMATION 



28-Pin Plastic Leaded Chip Carrier (PLCC) 



Item 


Millimeters 


Inches 


A 


12.45 ±.2 


.490 ±.008 


B 


11.50 


.453 


C 


11.50 


.453 


D 


12.45 ±.2 


.490 ±.008 


E 


1.94 ±.15 


■-^tz 


F 


.6 


.024 


G 


4.4 ±.2 


-3-"r 


H 


2.8 ±.2 


■-^r 


1 


0.7 min 


.028 min 


J 


3.6 


.142 


K 


1.27 [TP] 
Notel 


.050 [TP] 


L 


.7 


.028 


M 


.40 ±.10 


■0^^-Z 


N 


10.42 ±.20 


-olZ 





.15 
Note 2 


.006 


P 


1.0 


.040 


Q 


R.8 


R.031 


R 


•2° -.05 


-o^'-Z 



Note: 

[1] Each lead centerline is located within 
.12 mm [.005 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 
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30-Pin Plastic Shrink DIP (400 mil) 



Item 


Millimeters 


Inches 


A 


28.46 max 


1.121 max 


B 


1.78 max 


.070 max 


C 


1.778 [TP] 


.070 [TP] 


D 


.50 ±.10 


■o^^tZ 


E 


24.89 


.980 


F 


.85 min 


.033 min 


G 


3.2 ±.3 


.126 ±.012 


H 


.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K 


10.16 [TP] 


.400 [TP] 


L 


8.6 


.339 


M 


- ^:J"5 


■-"^-Z 



Note: 

[1] Each lead centerline is located within 

.17 mm [.007 inch] of its true 

position [TP] at maximum material 

condition. 
[2] Item "K" to center of leads when 

formed parallel. 
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PACKAGING INFORMATION 



SEC 



40-Pin Plastic DIP (600 mil) 



[1] Each lead centerllne Is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 



Item 


Millimeters 


Inches 


A 


53.34 max 


2.100 max 


B 


2.54 max 


.100 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.50 ± .10 


■^o'-Z 


E 


48.26 


1.900 


F 


1.2 min 


.047 min 


G 


3.6 ± .3 


.142 ± .012 


H 


.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.72 max 


.226 max 


K 


15.24 [TP] 


.600 [TP] 


L 


13.2 


.520 


M 


25 +•'"' 
•^* -.05 


o^o'-Z 
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V/L 




40-Pin Ceramic DIP (600 mil) 



item 


Millimeters 


inches 


A 


53.34 max 


2.100 max 


B 


2.54 max 


.100 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.46 ±.05 


.018 ±.002 


E 


48.26 


1.900 


F 


.92 min 


.036 min 


G 


3.5 ±.03 


.0138 ±.012 


H 


1.0 min 


.039 min 


i 


2.64 


.104 


J 


4.57 max 


.180 max 


K 


15.24 [TP] 


.600 [TP] 


L 


14.93 


.588 


M 


.25 ±.05 


-o^Z 



[1] Each lead centeriine is located within 
.25 mm [.001 inch] of its true position [TP] 
at maximum material condition. 

[2] item "K" to center of leads when formed 
parallel. 
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PACKAGING INFORMATIOK 



40-Pin Cerdip (600 mil) 



rtem 


Millimeters 


Inches 


A 


53.34 max 


2.100 max 


B 


2.54 max 


.100 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.50 ±.10 


■-!:"o2^ 


E 


48.26 


1.900 


F 


1.2 mil) 


.047 min 


G 


3.5 ±.3 


0.138 ±.012 


H 


.51 min 


.020 min 


r 


3.80 


.150 


J 


5.08 max 


.200 max 


K 


15.24 [TP] 


.600 [TP] 


L 


13.21 


.520 


M 


.25 ±.05 


-o^-Z 



AMIAAAMAMAAIAAMA 



WWTTWWYYJWYWn 



Note: 

[1] Each lead centerllne Is located within 

.25 mm [.01 inch] of Its true 

position [TP] at maximum material 

condition. 
[2] Item "K" to center of leads when formed 

parallel. 
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44-Pin Piastic iVIinifiat 



Item 


Millimeters 


Inches 


A 


13.6 ±.4 


"SIS +"" 
"^ -.016 


B 


10 ±.2 


394 + '"'* 
■*^*-.009 


C 


10 ±.2 


394 + '"'* 
■*^*-.009 


D 


13.6 ±.4 


535 +"" 
■*'* -.018 


E 


8.0 


.315 


F 


1.0 


.039 


G 


1.0 


.039 


H 


■'* -.10 


■-^'-Zl 


1 


.8 [TP] 
Notel 


.031 [TP] 


J 


1.8 ±.2 


-^r9 


K 


1.0 ±.2 


-^z 


L 


15+-'"' 
•^*-.05 


-:^r3 


M 


.15 
Note 2 


.006 


N 


1.45 ±.1 


0S7 +°°^ 
""-.004 





0.0 ±.1 


0.000 ±.004 


P 


1.65 max 


.065 max 
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B 


• 
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2^ 
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1 
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1 1 1 
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1 
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1 1 1 
1 1 1 
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Note: 

[1] Each lead centerllne is located within 
.15 mm [.006 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 Inch] total. 
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44-Pfn Plastic Leaded Chip Carrier (PLCC) 



Item 


Millimeters 


Inches 


A 


17.5 +.2 


.689 ±.008 


B 


16.58 


.653 


C 


16.58 


.653 


D 


17.5 ±.2 


.689 ±.008 


E 


1.94 ±.15 


■-^'-Z 


F 


.6 


.024 


G 


4.4 ±.2 


■"3-Z 


H 


2.8 ± .2 


-olZ 


1 


.7 min 


.028 mIn 


J 


3.6 


.142 


K 


1.27 [TP] 
Notel 


.050 [TP] 


L 


.7 


.028 


M 


.40 ± .10 


•0-^Z 


N 


15.50 ±.20 


-Tol 





.15 
Note 2 


.006 


P 


1.0 


.040 


Q 


R.8 


R.031 


R 


--;J? 


008 + """' 
"''a -.002 



Note: 

[1] Each lead centerline Is located within 
.12 mm [.005 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 Inch] total. 
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48-Pln Plastic DIP (600 mil) 



item 


Millimeters 


Inches 


A 


63.50 max 


2.5 max 


B 


2.54 max 


.10 max 


C 


2.54 [TP] 


.10 [TP] 


D 


.5 ± .10 


„, +.004 
••"= -.005 


E 


58.42 


2.3 


F 


1.1 min 


.043 min 


G 


3.6 ± .3 


.142 ± .012 


H 


.51 min 


.02 min 


1 


4.31 max 


.17 max 


J 


5.72 max 


.226 max 


K 


15.24 [TP] 


.60 [TP] 


L 


13.8 


.543 


M 


25 +••"> 
•" -.05 


„, + .004 
"^ -.003 



1. Each lead centerline is located within .25 
mm [.01 inch] of its true position [TP] at 
maximum material condition. 

2. Item "K" to center of leads when formed 
parallel. 
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PACKAGING INFORMATION 



48-Pin Ceramic DIP (600 mil) 



Item 


Millimeters 


Inches 




A 


63.50 max 


2.500 max 




B 


2.54 max 


.100 max 




C 


2.54 [TP] 


.100 [TP] 




D 


.46 ±.05 


.018 ±.002 




E 


58.42 


2.300 




F 


.92 min 


.036 min 




G 


3.5 ±.3 


.138 ±.012 




H 


1.0 min 


.039 min 




' 


2.74 
Notel 


.108 




J 


4.57 max 


.180 max 




K 


15.24 [TP] 


.600 [TP] 




L 


14.93 


.588 




M 


.25 ±.05 
Note 2 


-^o^-Z 





Note: 

[1] Each lead centerline Is located within 

.25 mm [.01 inch] of its true 

position [TP] at maximum material 

condition. 
[2] item "K" to center of leads when 

formed parallel. 
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52-Pln Plastic MIniflat 



Item 


Millimeters 


inches 


A 


21.0 ±.4 


.827 ±.016 


B 


14 ±.2 


551 +"°^ 
•**^ -.008 


C 


1.0 [TP] 
Notel 


.039 [TP] 


D 


.40 ±.10 


■-^'-Z 


E 


1.0 


.039 


F 


3.5 ±.2 


-«^:r 


G 


2.2 ±.2 


-XSSI 


H 


15 + " 


■o-XSS^ • 


' 


.15 
Note 2 


.006 


J 


2 6 +"2 
"-.01 


■^o^tZ 


K 


.1±.1 


.004 ±.004 



Note: 

[1] Each lead centerline is located within 
.20 mm [.008 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 
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PACKAGING INFORMATION 



NEC 



52-Pln Plastic Leaded Chip Carrier (PLCC) 



Item 


Millimeters 


Inches 


A 


20.1 ±.2 


791 +-°°^ 
•^'^ -.008 


B 


19.12 


.753 


C 


19.12 


.753 


D 


20.1 ± .2 


--TI 


E 


1.94 ±.15 


-^re 


F 


.6 


.024 


G 


4.4 ±.2 


-3!:- 


H 


2.8 ±.2 


-olZ 


1 


.7 min 


.028 min 


J 


3.6 


.142 


K 


1.27 [TP] 
Notel 


.050 [TP] 


L 


.7 


.028 


M 


.40 ±.10 


-To? 


N 


18.04 ±.20 


-o^-Z 





.15 
Note 2 


.006 


P 


1.0 


.040 


Q 


R.8 


R.031 


R 


-^:J^ 


■-!:- 



Note: 

[1] Each lead centeriine is'located within 
.12 mm [.005 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 
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PACKAGING INFORMATION 



68-Pln Plastic Leaded Chip Carrier (PLCC) 



Item 


Millimeters 


Indies 


A 


25.2 ±.2 


.992 ±.008 


B 


24.20 


.953 


C 


24.20 


.953 


D 


25.2 ±.2 


.992 ±.008 


E 


1.94 ±.15 


"^^tZ 


F 


.6 


.024 


G 


4.4 ±.2 


-3lZ 


H 


2.8 ±.2 


■-"^Z 


1 


.7min 


.028 min 


J 


3.6 


.142 


K 


1.27 [TP] 
Notel 


.050 [TP] 


L 


.7 


.028 


M 


.40 ±.10 


"-'-Z 


N 


23.12 ±.20 


-olZ 





.15 
Note 2 


.006 


P 


1.0 


.040 


Q 


R.8 


R.031 


R 


-:^:J? 


■->^'-Z 



Note: 

[1] Each lead centerline is located within 
.12 mm [.005 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 
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68-Plrt Ceramic PGA 



item 


Millimeters 


Inches 


A 


"■«-.1 


-0-- 


B 


2.8 ±.3 


.110 ±.012 


C 


1.25 


.049 


D 


5.08 max 


.200 max 


E 


2.54 [TP] 


.100 [TP] 


F 


01.2 ±.2 


.047 ±.008 


G 


<p .46 ±.05 


.018 ±.002 


H 


.5 min 


.020 min 



Note: 

[1J Each lead centerline is located within 
.25 mm [.010 inch] of its true 
position [TP] at maximum material 
condition. 





L K J 


H 


G F 


E 





C B A 


O 


o 


o o 


o 


o 





O @ 


o 


o o 


o 


o 


o © o 


o 










o o 













O 













O 













o o 













o 


O 










O 


o 













@ 





o 


o 


o 


O © 


o o 


o 


o 








o o 



PACKAGING INFORMATION 



NEC 



80-Pln Plastic Miniflat 



Item 


Millimeters 


Inches 


A 


24.7 ±.4 


972 + °" 
•^^^ -.016 


B 


20 ±.3 


795 +•'"" 
■^'* -.008 


C 


14 ±.2 


551 +-°°^ 
•^*^ -.008 


D 


18.7 ±.4 


.736 ±.016 


E 


12 


.472 


F 


1.0 


.039 


G 


.8 


.031 


H 


.35 ±.1 


014 + °°* 
•°" -.003 


1 


.8 [TP] 
Note1 


.031 [TP] 


J 


2.35 ±.3 


■°°3-r 


K 


1.2 ±.2 


-^ro 


L 


■^* -.009 


006 + °°* 
•°°*-.003 


M 


.15 
Note 2 


.006 


N 


2.05+;^ 


-^rs 





.1±.1 


.004 ±.004 




Note: 

[1] Each lead centerllne Is located within 
.15 mm [.006 Inch] o( its true 
position [TP] at maximum material 
condition. 

[2] Flat within .15 mm [.006 inch] total. 
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132-Pin Ceramic PGA 



Item 


Mliiimeters 


Inches 


A 


35.56 


1.400 


B 


22.70 


.894 


C 


33.02 


1.300 


D 


4.5 max 


.177 max 


E 


2.54 


.100 


F 


0.40 


.016 


G 


2.8 


.110 


H 


2.28 


.090 


1 


3.8 


.150 
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